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REPORT OF 
SUBSURFACE CONTAMINATION STUDIES 
TERMINAL 18, PORT OF SEATTLE 

HARBOR ISLAND 
SEATTLE, WASHINGTON 

FOR 
PORT OF SEATTLE 

INTRODUCTION 
This report presents the results of our subsurface explorations and 

related studies of the former Shell Oil Company property located at 

Terminal 18, Harbor Island, Seattle, Washington. The site of the former 

Shell bulk petroleum product terminal is located east of 11th Avenue 

Southwest on the northeastern portion of Harbor Island. The site location 

and surrounding features are shown in Figure 1. The general layout of the 

former Shell bulk terminal during 1975 is shown in Figure 2. 

Services performed by GeoEngineers during the initial phase of this 

project included review of past land use in the area and preparation of a 

work plan for subsurface explorations and testing. Subsurface explor- 

ations, sampling, and analyses at the site were completed during three 

phases of field investigations in 1987 and 1988. 

PURPOSE AND SCOPE 

The purpose of our services is to explore and evaluate subsurface 

petroleum-related contamination at and adjacent to the former Shell Oil 

Company pr'op er-t.y on Terminal 18. The scope of services completed during 

this study includes: 

HI-SHELL000674
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1. Subcontracting and monitoring the drilling of thirteen soil 

borings to depths of about 15 to 20 feet. Nine borings (MW-1 

2. 

through MW-9) were completed during the first phase of 

exploration, three borings (MW-10 through MW-12) were completed 

during the second phase of exploration and one boring (MW-13) 

was completed during the final phase of exploration. 

·constfuct'i'ng 2-inch-diameter PVC monitor wells in the" thirteen 

borings. 

• 

3. Measuring ground water levels and free product thicknesses on 

several occasions in the monitor wells installed by-GeoEngineers 

and in six other monitor wells which existed prior to this 

study. 

4. Measuring hydrocarbon (combustible) vapor concentrations within 

the monitor well casings. 

5. Measuring the pH, conductivity and temperature of ground water 

from the monitor wells installed by GeoEngineers. 

6. Collecting samples of ground water from eleven of the monitor 

wells and analyzing the ground water samples for the presence of 

benzene, toluene, xylenes, ethylbenzene, chlorobenzene, 

dichlorobenzene, petroleum hydrocarbons, organic lead and total 

lead. 

7. Collecting a sample of free (floating) petroleum product from 

two of the monitor wells and analyzing the product samples for 

product type, API gravity and flash point. 

2 
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8. Preparing ground water elevation contour maps based on our field 

measurements. 
9. Evaluating the direction of ground water flow based on our field 

measurements and the ground water contour maps. 

10. Developing estimates of the hydraulic conductivity of soil 

beneath the site. 

11. Evaluating the results .o f the analytical t.estiqg of .. ground water 

samples. 

12. Monitoring a pumping test to evaluate free product recovery 

options in the vicinity of Monitor Wells MW-7 and MW�l2. 

13. Developing recommendations for remediation of free petroleum 

product I treatment of recovered ground water, and future 

subsurface monitoring at this site. 

HISTORIC AND CURRENT LAND USE 

INFORMATION SOURCES 

Information concerning historic land use at the former Shell Oil 

Company property and adjacent areas has been obtained from interviews with 

representatives of the Port of Seattle and Washington Department of 

Ecology (Ecology), Ecology's files pertaining to Shell Oil Company 

operations on Harbor Island, available reports, and aerial photography, 

including: 

1. Black & Veatch, Preliminary Investigation - Phase 1 Description of 

Current Conditions, Harbor Island, Seattle, Washington, prepared for 

State of Washington, Department of Ecology, June 6, 1985. 
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2. CH2!1-Hill, Inc., and Ecology & Environment, Inc., Draft: Remedial 

Action Master Plan, Harbor Island, Seattle, Washington, prepared for 

U.S. Environmental Protection Agency, October 4, 1983. 

3. Corps of Engineers, Aerial Photographs of Harbor Island and vicinity 

from COE Survey Branch files, dated 1940, 1966, 1970, 1976, 1977, 

1978, 1979, and 1985. 
�· 4. Harper-Owes·r Duwamish,· Ground Water Studies, Waste Disposal Practi,ces 

and Dredge and Fill History, prepared for Sweet, Edwards and 

Associates, Inc., Bellevue, Washington, March 1985. 

5. Hart-Crowser, Geochemical and Geotechnical Engineering Study, 

Terminal 18 - Intermodal Yard, Seattle, Washington, prepared for Port 

of Seattle, July 9, 1987. 

6. Port of Seattle, Construction, As-Built and SNA Permit Application 

Plans from Port of Seattle files. 

7. Shell Oil Company, Letter to Port of Seattle, June 29, 1987. 

8. Shell Oil Company, Letter to Port of Seattle, December 1, 1987. 

9. Sweet, Edwards and Associates, Inc., Draft Report: Duwamish Ground 

Water Studies, prepared for METRO, March 31, 1985. 

Information from the sources listed above was compiled into the map 

presented on Figure 3. 

HARBOR ISLAND 

Harbor Island and the surrounding region consisted of tidelands and 

river delta topography at the mouth of the Duwamish River prior to 1895. 

Dredging for construction of the East and West Duwamish Waterways and the 

main navigational channel of the Duwamish River began in about 1895. 
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Harbor Island is a marunade island (about 455 acres) which was formed 

primarily from dredge spoils generated during excavation of the East and 

West Duwamish Waterways during the period between about 1895 and 1910. 

Dredging for maintenance of channels and construction of terminals has 

occurred on a periodic basis since the early 1900s. 
Sediments were dredged and used as fill for the northern portion of 

Terminal 18 (north of the former SheH· property) during·.,1966 and ,1967. It 

appears that dredge spoils have not been used as fill after the early 

1900s in the portion of Terminal 18 that is the subject of this study. 

FORMER SHELL BULK TERMINAL PROPERTY 
Shell Oil Company has operated three petroleum tank farms with 

separate containment walls on the northeastern portion of Harbor Island in 

the past. Two of these tank farms remain in operation and are located 

west of Southwest 11th Street. �he third Shell tank farm was located east 

of Southwest 11th Street at Terminal 18 ( formerly Pier 19) and is the 

subject of this study. 

shown in Figure 3. 

The locations of the three Shell tank farms are 

The former Shell bulk plant at Terminal 18 covered an area of about 

12.5 acres. Shell Oil Company purchased the majority of this p,operty in 

1924. Additional land along the southern portion of the property was 

purchased by Shell in 19 39. The general layout of the former bulk 

terminal during 1975 is shown in Figure 2. 
Facilities at the former Shell bulk terminal during 1975 included 42 

above-grade petroleum product storage and filter tanks, truck and rail car 

loading racks, warehouses, a barrel-storage slab, a dock used for product 
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transfer, a facility for heating high viscosity products, plus office, 

laboratory and garage buildings. Products stored at the former Shell bulk 

terminal included gasolines, diesel, kerosene, aviation gas, jet fuel, 

solvents, lube oils, fuel oils and asphalt. 

Buried petroleum product pipelines have been used in the past by 

Shell to transfer asphalt, light and heavy fuel oils, aviation fuels, and 

marine diesel from ·the ap ron- area to their tank farms, These pipelines ,. 

are currently used by Shell to transfer marine diesel and heavy and light 

fuel oils between the apron area of Terminal 18 and the existing Shell 

tank farms. 

Buried petroleum product pipelines were also used to transfer 

product within the former bulk terminal property. These lines were 

removed by the Port of Seattle in 1980. The locations of the existing and 

former buried product pipelines are shown in Figure 2. 

The existing asphalt and fuel oil pipelines are equipped with heating 

cables to facilitate movement of these relatively viscous products. 

Asphalt product has solidified within the asphalt pipeline and this 

pipeline is no longer usable. 

The former Shell bulk terminal property was purchased by the Port of 

Seattle during 1976 and demolished in 1980. The former Shell property and 

the adjacent land to the north and south are presently referred to as 

Terminal 18 and are currently used by Stevedoring Services of America 

(SSA) for container storage and transfer. 

6 

HI-SHELL000679



-1((J2j 
Geo ��Engineers 

ADJACENT PROPERTY 
The first record of development in the vicinity of the former Shell 

bulk terminal occurred prior to the formation of Harbor Island with the 

construction of a railroad line, supported on piles above the tidelands, 

along the alignment of Southwest Florida Street. A shingle mill, also 

supported on piles, operated between about 1895 and 1910 in the area north 

,.-,,, of the railroad alignment between Sout.hwes-t- Florida Street and Southwest 

Massachusetts Street (northwest of the former Shell bulk terminal at 

Terminal 18 ) • 

Development of the property immediately south of the former Shell 

bulk terminal began in 1918 with the construction of a shipping terminal 

by the East Waterway Dock and Warehouse Company (EWD&WC). The former 

EWD&WC facility was used primarily for bulk storage and transfer of non- 

petroleum oils (vegetable, fish and animal). 

The Port of Seattle began operations at the site of the former EWD&WC 

facility in the 1940s. The majority of the former EWD&WC site is 

presently used for container storage and transfer. The western portion of 

the former EWD&WC site is currently used for bulk storage of tallow by 

Jacob Stearn & Sons, Inc. 

Shell and ARCO petroleum tank farms are located west of the former 

Shell terminal (west of 11th Avenue Southwest). The southernmost existing 

Shell tank farm and the ARCO tank farm existed prior to 1940 based on 

review of aerial photographs. 
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Land north of the former Shell bulk terminal property remained rela- 

tively undeveloped until at least 1940. A 1940 aerial photograph shows 

that many small residences existed in the area at that time. 

Later development on the land north of the former Shell tank farm was 

related to shipyard operations and included; machine, paint and steel 

fabricating shops: warehouses and garage, restaurant and office buildings. 

Land nort'h of the former Shell tank· farm is currently part of Terminal 18 

and is used as a terminal for container storage and transfer. 

SITE CONDITIONS 

SURFACE CONDITIONS 
The former Shell bulk terminal property is currently used for cargo 

container storage and transfer. The site is paved with asphaltic concrete 

and is relatively level with a surface elevation of about 

., 

Elevation 17 .5 feet (MLLW datum). Surface runoff is collected within 

storm drainage systems which drain to the East Duwamish Waterway. A 

concrete apron extends over the East Duwamish Waterway along the eastern 

portion of the terminal. The apron is used by SSA for loading/unloading 

container ships and by Shell Oil Company for transfer of petroleum 

products. Southwest 11th Street and railroad lines are located. adjacent 

to the western site boundary. Future plans at the site include 

construction of an intermodal yard in the western portion of the site for 

shipment of containers by train. 

SU:BSURFACE SOIL CONDITIONS 
Subsurface soil conditions were explored by drilling thirteen borings 

(MW-1 through MW-13) to depths of about 15 to 20 feet below the surface of 

8 

HI-SHELL000681



�� Geo ��Engineers 
the asphaltic concrete pavement. The locations of Borings MW-1 through 

MW-13 are .shown in Figures 2 and 4. Details of the field exploration 

program and the boring logs are given in Appendix A. 

Additional information relating to subsurface conditions at and in 

the vicinity of the former Shell bulk plant is given in the following 

reports: 

1. ', Twelker & Associates, Soils and Foundationdnvestigation for. Proposed -; .. ":· 

Reconstruction of Terminal 20 anc: Pier 19, Harbor Island, Seattle, 

Washington, prepared for Port of Seattle, August 31, 1973. 

2. Norton Corrosion Limited, Inc., Corrosion Control Surv.ey, Terminal 

19/20, Buried Fuel Piping, Seattle, Washington, prepared for Port of 

Seattle, March 11, 1986. 

3. Hart Crowser & Associates, Geochemical and Geotechnical Engineering 

Study, Terminal 18 - Intermodal Yard, Seattle, Washington, prepared 

for Port of Seattle, July 9, 1987. 

The borings generally encountered medium dense to very dense, fine to 

coarse sand with gravel and/or fine to coarse gravel with sand from 

beneath the asphaltic concrete pavement to depths of 4 to 6 feet below 

grade. This soil appears to be imported fill that was placed to increase 

the surface elevation of the site after demolition of the former Shell 

bulk terminal. 

The borings encountered loose to medium dense, fine to medium sand 

with a variable amount of silt beneath the surficial imported fill unit. 

The fine to medium sand unit contains occasional interbeds of silt and 

organic matter and extends downward to a depth of about 160 feet 
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(Elevation -140 t1LLW) based on available reports. The upper 10 to 15 feet 

of the fine to medium sand unit appears to consist of fill placed by 

dredging during excavation of the East Duwamish Waterway and formation of 

Harbor Island. 
Very dense sand, gravel and silt are found below the fine to medium 

sand unit (below Elevation -140 t1LLW) based on available reports. 

Borings MW-6, MW-8, MW-9 and MW:-13 .. encountered sand with gravel and 

gravel with sand (imported fill) from beneath the pavement to depths of 

about 13 and 16 feet, respectively. Fine to medium sand was encountered 

below the imported fill in Borings MW-6, MW-9, and MW-13. Th� base of the 

imported fill was not encountered in Boring MW-8, which was completed at a 

depth of 15 feet. The eastern boundary of the site was extended about 

20 feet eastward by installing a sheet pile bulkhead and placing imported 

fill during construction of the container terminal at Terminal 18. The 

sand and gravel fill encountered in Borings MW-6, MW-8, MW-9 and MW-13 

appears to be related to construction of the eastward extension of the 

site boundary. 
Boring MW-12 encountered gravel with sand to a depth of about 

10.5 feet below grade. Boring MW-12 is located west of the area of the 

recent fill placement and the gravel with sand encountered at this 

location does not appear to be related to the eastward extension of the 

site. 

10 
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The hydraulic conductivity of the uppermost portion of the fine to 

medium sand unit (dredge fill) is estimated to be about 0.006 feet per 

minute based on the grain size distribution of the soil. The hydraulic 

conductivity of the imported sand and gravel fill is estimated to be about 

0.03 feet per minute based soil grain size characteristics. 

GROUND WATER CONDITIONS 

Mbni tor Wells MW-1 through MW-13 were installed· in the thirteen·· 

borings completed during this study. Construction details for the wells 

and details of the field exploration program are given in Appendix A. 

Monitor Well HC-2, located in the southwest corner of "the former 

Shell bulk terminal, and Monitor Wells A-1 through A-5, located in the 

area of the current: Shell tank truck loading rack, were installed by 

others prior to this study and were included in our field program to 

provide additional details relating to ground water conditions. The 

locations of the monitor wells are shown in Figure 4. 

We measured the depth to the ground water table in the monitor wells 

several times, including two 12-hour intervals on February 6 (Wells MW-1 

through MW-9, HC-1, and A-1 through A-5) and June 4, 1988 (Wells MW-1 

through MW-12, HC-1, and A-1 through A-5). Fluid levels were also 

measured in Wells MW-7, MW-10, MW-11, MW-12 and MW-13 during a 48-hour 

interval between October 26 and October 28, 1988. The elevation of the 

surface of the East Duwamish Waterway was monitored during these periods 

to evaluate the relationship between tide height and ground water 

elevations. The ground water table was encountered at depths of about 6.5 

to 10 feet below pavement grades at the time of our measurements. Plots 

11 
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of the elevation of the ground water table in each monitor well and the 

elevation of the surface of the East Duwamish Waterway during the 12-hour 

periods on February 6 and June 4, 1988 are given in Appendix A. 

The elevation of the ground water table beneath the site generally 

does not appear to respond to tide changes in the East Duwamish Waterway, 

with the exception of the extreme eastern portion of the site (adjacent to 

the waterway). The' ground water elevation in '"Monitor Wells MW-6, MW-7, 

MW-9, MW-12 and MW-13 responded to tidal changes. The ground water level 

varied by about 0.25 to 0.5 feet in Monitor Well MW-7 in response to tidal 

fluctuations of about 7 and 12 feet in the' East Duwamish- Waterway on 

February 6 and June 4, 1988, respectively. The water level varied by 2.5 

to 3 feet in Monitor Wells MW-6 and MW-9 on these dates. The elevation of 

the ground water table varied by about 2 feet in Monitor Well MW-12· on 

June 4, 1988. The elevation of the ground water table varied by about 3 

feet in Monitor Well MW-13 in response to tidal fluctuation of about 6 

feet on October 26; 1988. The lag time between peak water levels in the 

East Duwamish Waterway and the wells ranged from about O. 75 hours in 

Monitor Well MW-6 to about 1.75 hours in Monitor Well MW-9. 

The approximate elevation of the ground water table in the monitor 

wells at about high tide, mid tide and low tide based on the February 6 

and June 4, 1988 measurements are shown in Figures 5 through 10. Contours 

of the elevation of the ground water table based on the monitor well 

measurements are also shown in Figures 5 through 10. 

The general direction of ground water flow beneath the former Shell 

Terminal appears to be eastward toward the East Duwamish Waterway during 

12 
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periods of low to moderate tide, as shown in Figures 6, 7, 9 and 10. 

Ground water appears to flow from the East Duwamish Waterway toward the 

central portion of the site during periods of high tide, as shown in 

Figures 5 and 8. 

The exchange of ground water with surface water in the East Duwamish 

Waterway appears to occur primarily beneath the northeastern and 

southeastern .corners of the former Shell bulk terminal. The relatively 

high degree of hydraulic connection between the ground water. aquifer and 

the East Duwamish Waterway in the northeastern and southeastern portions 

of the site is reflected by the response of the ground water table to 

tidal flux, as measured in Monitor Wells MW-6, MW-9, MW-12 and MW-13. 

The direction of ground water flow beneath the eastern portion of the 

former Shell bulk terminal appears to be affected by the presence of the 

relatively permeable imported fill in this area and a timber bulkhead 

which formed the eastern site boundary prior to construction of the 

container facility at Terminal 18. During construction of the container 

facility, a sheet pile bulkhead was installed east of the timber bulkhead 

and imported fill was placed between the two bulkheads. The locations of 

the timber and sheet pile bulkheads are shown in Figures 5 through 10. 

A review of aerial photographs and plans of the former Shell bulk 

terminal indicates that the timber bulkhead does not extend to the 

northeastern portion of the site (in the vicinity of Monitor Well MW-9). 

The absence of the timber bulkhead and presence of relatively more 

permeable imported fill appears to allow ground water and surface water to 

exchange more easily in the northeastern portion of the site. 
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Buried petroleum product pipelines pass through the timber bulkhead 

and the more recent sheet pile bulkhead in the southeastern portion of the 

site. The flow of ground water along the pipeline alignment and the 

presence of permeable imported fill may facilitate subsurface water 

exchange between East Duwamish Waterway and the southeastern portion of 

the site. 
Monitor Well MW-8 is located between. the. tim.l>.er bulkhead and sheet 

pile bulkhead in the area of a former ferry fueling slip. The elevation 

of the water surface in Monitor Well MW-8 did not respond significantly to 

tide changes in the East Duwamish Waterway. The lack of respo�se suggests 

that the subsurface in the vicinity of Monitor Well MW-8 is hydraulically 

isolated from the regions near Monitor Wells MW-6, MW-9 and MW-13. 

POTENTIAL SITE CONTAMINATION 
GENERAL 

Potential sources of soil and ground water contamination on Harbor 

Island include lead smelting, scrap metal yards, petroleum and non- 

petroleum oil terminals, metal processing facilities, and shipyard 

operations. Previous studies and remedial measures on Harbor Island have 

primarily dealt with airborne and surficial soil contamination by lead 

smelting and metal processing operations. Future studies by others will 

address known or suspected contamination by other hazardous materials. 

Systems to recover free (floating) petroleum product from the subsurface 

are currently operating at the existing Shell and Texaco bulk terminals on 
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Harbor Island. ARCO conducted subsurface explorations at their tank farm 

on the western side of Harbor Island during 1987. The results of the ARCO 

studies are not available. 
Available data suggest that non-petroleum sources of contamination 

from off-site locations have had little environmental impact on the former 

Shell bulk terminal property. Analytical results for soil and ground 

water s amp l.e s, col-lected in 1987 by Hart-Crowser in the southwestern 

portion of the former Shell property and property northwest of Terminal 18 

indicate insignificant subsurface contamination. 

Past studies have indicated that a portion of the subsurface beneath 

the former Shell bulk terminal at Terminal 18 is contaminated by petroleum 

products. Petroleum-contaminated soil was noted on boring logs during a 

1973 geotechnical study (Twelker & Assoc., 1973) and during a 1986 

corrosion control study (Norton Corrosion Limited, 1986). Petroleum- 

contaminated soil was observed by the Port's representatives during 

demolition of the bulk terminal during 1980. 

A system to recover free petroleum product from the subsurface in the 

eastern portion of the former bulk terminal was operated by Shell between 

May 1972 and January 1976. Information provided by Shell suggests that 

approximately 155,000 gallons of product was recovered during this time 

interval. The extent of the free petroleum product plume beneath the 

former Shell bulk terminal during January 1975 is shown in Figure 2. 

Information related to the extent of the free product plume during 

January 1976 (when recovery was terminated) is not available. 
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A discrete source of the free petroleum product beneath the former 

Shell bulk terminal during the 1970s is not known. A search of Ecology's 

files pertaining to Shell Oil Company revealed little information about 

activities prior to 1980, other than indications that barrel storage 

operations were improved by constructing a concrete storage slab during 

the early 1970s. 
A thin layer of free petroleum product has been observed within two 

concrete vaults which extend below the ground water table in the south- 

eastern portion of the former Shell bulk terminal. These concrete vaults 

serve as valve pits for the active petroleum product pipeli�es which are 

located beneath the site. These pipelines are contained within a concrete 

trough which is lined with polypropylene. The source of the petroleum 

product in the southeastern valve pits appears to have been leaks in the 

pipelines due to corrosion. It appears that product which has leaked from 

the pipeline has flowed along the pipeline alignment (and concrete trough) 

to the valve pits. The water and free product which accumulates in the 

southeastern valve pits at the site is pumped to an oil/water separator 

prior to discharge to the East Duwamish Waterway. 

A second pair of valve pits are located in the east-central portion 

of the site. Free product does not appear to seep into the east-central 

valve pits. 
Ecology's files indicate that spills of 12,200 and 9,000 gallons of 

gasoline occurred during 1981 and 1982, respectively, at the existing 

Shell tank farms, located west of 11th Avenue Southwest. Data from 

Ecology's files also indicate that a plume of free petroleum product is 
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present beneath the existing Shell tank farms and that about 200 gallons 

of free petroleum product was recovered from the subsurface during a 

period of about one month during early 1987. 

SUBSURFACE CONTAMINATION 
General: Explorations for potential subsurface fuel-related 

contamination at the former Shell bulk terminal during our studies have 

included: 

A. Physical and visual examination of soil samples for the presence 

of petroleum odor and/or sheen in the samples. 

B. Measuring the air space in the monitor well casings for hydro- 

carbon (combustible) vapors by using a "TLV Sniffer" combustible 

gas indicator. 

C. Sampling the water table interface in each well with a trans- 

parent bailer for the presence of free (floating) petroleum 

product. 

D. Obtaining a sample of free petroleum product from Monitor 

Wells MW-7 and MW-12 and analyzing the samples for product type, 

API gravity, and flash point. 

E. Field measurement of pH, temperature and electrical conductivity 

of ground water from the monitor wells. 

F. Chemical analysis of ground water samples from the monitor wells 

for petroleum-related contaminants. Ground water samples 

collected from the monitor wells were analyzed by EPA Method 602 

for benzene, toluene, xylenes (m,p,o), chlorobenzene, 

ethyl benzene and dichlorobenzenes. 
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�� Geo ��Engineers 
were also analyzed for petroleum hydrocarbons by EPA Method 

418. l and for total dissolved lead and dissolved organic lead 

by EPA Method 7421. 

Details of the field exploration and sampling program are given in 

Appendix A. Pertinent subsurface contamination data are summarized in 

Table l. Laboratory reports for the ground water samples are given in 

Appendix B. 

Petroleum-like Odors, Sheen and Hydrocarbon Vapors: Petroleum-like 

odors were detected in soil samples from Borings MW-1 through MW-8 and MW- 

10 through MW-13. Petroleum-like odors were not detected in soil samples 

from Boring MW-9. 

Petroleum-like sheens were observed in soil samples from Borings MW- 

3, MW-7, MW-10 and MW-11. Petroleum-like sheens were not observed in soil 

samples from the remaining borings. 

Hydrocarbon (combustible) vapors were detected within the well 

casings at significant concentrations (>400 ppm) in Monitor Wells MW-1 

through MW-5, MW-7, MW-10 through MW-12 and MW-Al through MW-AS on 

February 6 and/or June 6, 1988. 

measurements are summarized in Table 1. 

Hydrocarbon (combustible) vapor 

Free Petroleum Product: Free ( floating) petroleum product was 

detected in Monitor Wells MW-3, MW-7, MW-12, MW-A3 and MW-A4. The 

approximate areal extent of the plume of free product within Terminal 18 

is shown on Figure 11. The thickness of free product measured in these 

wells on February 6, June 4, 1988 and October 26 through October 28, 1988 

is summarized below. 

18 
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Monitor Well Free Product Thickness (Feet) 

2/6/88 6/4/88 10/26/88 to 10/28/88 

MW-3 0 0 0.75 

MW-7 0.91 to 1.11 0 .35 to 0.51 0.71 

MW-12 not installed 0.05 to 1.56 0. 3 7 to O. 91 

MW-A3 0.09 to O .12 0.09 to 0 .10 not measured 
MW-A4 0 to 0.03 0.01 to 0.04 not measured 

Variation in the thickness of free product within Monitor Wells MW-7 

and MW-12 generally appears to be related to tide height. The greatest 

thickness of free product within Monitor Wells MW-7 and MW-:12 generally 

occurs at the time of lowest measured water table elevation. 

Free product was not detected in Monitor Well MW-3 during our 

February 1988 or June 1988 measurements. Free product was detected in 

Monitor Well MW-3 during the October 1988 round of measurements. The 

water table elevation in Monitor Well MW-3 decreased by about 0.67 feet 

between the February 1988 and October 1988 measurements, apparently as a 

result of seasonal precipitation patterns. The presence of free product 

in Monitor Well MW-3 during the October measurements may be related to the 

lower water table elevation that was measured at that time. 

Analysis of samples of free product from Monitor Wells MW-7 and MW-12 

indicates that the product consists of a mixture of about 10 percent 

gasoline and 90 percent diesel fuel with a flash point of 82 to 84 degrees 

Fahrenheit and an API Gravity of 33.8 to 35.5. 

Ground Water Quality: Ground water samples were collected on 

January 30, 1988 for analysis by EPA Methods 602 and 7421 from Monitor 

19 
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Wells MW-1 through MW-6, MW-8 and MW-9. Ground water samples were 

collected for analysis by EPA Method 418.l from Monitor Wells MW-1 through 

MW-6 and MW-8 through MW-11 on May 14, 1988. Ground water samples were 

collected for analysis by EPA Methods 602 and 7421 from Monitor Wells 

MW-10 and MW-11 on May 14, 1988. Ground water samples were collected from 

Monitor Well MW-13 on October 28, 1988 for analysis by EPA Method 602 and 

418.1. Monitor wells near the East Duwamish Waterway were sampled during 

periods of low tide height. Ground water samples were not collected from 

Monitor Wells MW-7 and MW-12 due to the presence of free petroleum product 

in these wells. (Free product was detected in Monitor Well MW-3 about 

nine months after the ground water sample was collected from this well). 

A petroleum-like sheen was observed on the surface of ground water 

· bailed from Monitor Wells MW-1 through MW-6, MW-10, MW-11, and MW-13. 

The ground water samples were analyzed for the presence of benzene, 

toluene, xylenes, ethylbenzene, chlorobenzene, dichlorobenzene, petroleum 

hydrocarbons, dissolved organic lead and dissolved total lead. Benzene, 

ethylbenzene, toluene and xylenes (BETX) are contaminants that are related 

primarily to gasoline products but also may be found at low 

concentrations in other petroleum fuel products. The petroleum 

hydrocarbon analysis generally detects compounds related to d1esel fuel 

and "heavier" petroleum products. Chlorobenzene and dichlorobenzenes. are 

generally associated with solvents and pesticides. Lead originates from 

many sources including some fuel products. Results of the laboratory 

analyses are summarized in Tableland shown on Figure 12. 
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Chlorobenzene, dichlorobenzene and dissolved organic lead were not 

detected in the ground water samples from the site. The concentration of 

total dissolved lead in ground water samples from the site was below 

detection limits with the exception of the sample from Monitor Well MW-1. 

Total dissolved lead was detected in the ground water sample from Monitor 

Well rn,-1 at a concentration of 0.004 ppm, much lower than the current 

drinking water quality standard for lead (0.05 ppm). 

The analytical results indicate that BETX was either nondetectable or 

at concentrations below current recommended (or proposed) drinking water 

quality standards in ground water samples from.Monitor Wells MW-1, MW-2, 

MW-4 through MW-6, MW-8, MW-9 and MW-13. 

The concentrations of benzene in the ground water samples from 

Monitor Wells MW-3, MW-10 and MW-11 (350 ppb, 470 ppb and 2500 ppb , 

respectively) exceed the recommended drinking water quality standard for 

benzene (5 ppb). The concentration of benzene in the ground water sample 

from Monitor Well MW-11 exceeds the chronic exposure criteria for marine 

aquatic life (700 ppb) but is less than the acute exposure criteria for 

marine aquatic life (5100 ppb). Toluene, xylenes and/or ethylbenzene were 

detected in the ground water samples from Monitor Wells MW-3, MW-10, MW-11 

and MW-13 at concentrations less than the applicable drinking water 

quality standards. 

Petroleum hydrocarbons were detected in ground water from Monitor 

Wells MW-10, MW-11, and MW-13 at concentrations of 20.3 ppm, 31.3 ppm, and 

62 ppm, respectively. The surface water discharge limit for petroleum 

hydrocarbons is generally established at 15 ppm. 
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�.!!!i Geo ijj!!Engineers were detected in ground water from the Monitor Wells MW-1 through MW-5, 

MW-8 and MW-9 at concentrations generally less than 1.0 ppm. Petroleum 

hydrocarbons were detected at a concentration of 0.53 ppm in the lab blank 

suggesting that the low concentrations detected in ground water from these 

wells may be related to laboratory contamination. 

Ground water from Monitor Well HC-2 was sampled during April 1987 by 

Hart-Crowser & Associates. Dissolved fuel-related contaminants including 
benzene, toluene, xylenes and ethylbenzene were not detected during the 
April 1987 analysis of the ground water from Monitor Well HC-2. 

Ground water temperature, pH and conductivity were measured at time 

of ground water sample collection on January 30 and May 14, 1988. Field 

ground water quality measurements are summarized in Table 2. Ground water 

temperature ranged from about 10 to. 16 degrees centigrade, with the warmer 

temperatures measured in May as compared to January. The pH of the 

ground water ranged from about 5.9 to 7.9. The conductivity of the ground 

water ranged from about 170 to )19,900 umhos/cm. Ground water beneath the 

site is generally brackish near the East Duwamish Waterway, slightly 

brackish in the central portion of the site, and fresh near the western 

boundary of Terminal 18. 

DISCUSSION AND RECOMMENDATIONS 

FREE PETROLEUM PRODUCT 
General: Free (floating) petroleum product was detected in Monitor 

Wells MW-3, MW-7 and MW-12, located in the central and southeastern 

portions of the former Shell bulk terminal. Information provided by Shell 
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i ate-§ that a plume of free product was located in the area of Monitor 

Wells MW-7 and MW-12 during 1975. The location of the plume of free 

product during 1975 is shown in Figure 2. 

We understand that the pipelines at the site have not been used to 

transfer gasoline products since the Shell terminal was demolished. 

About 10 percent of the plume of petroleum product is composed of 

gasoline, suggesting that at least a portion of the product encountered at 

the site was present prior to demolition of the terminal. 

Remediation: We recommend that future remedial actions at the former 

Shell bulk terminal include implementation of a program to recover free 

petroleum product from the subsurface. A test pumping program was 

conducted in Monitor Well MW-7 to evaluate if the existing monitor wells 

could be used effectively for the recovery of free product. The program 

consisted of removing water and product from Monitor Well MW-7 by pumping 

with vacuum trucks for a period of 48-hours. Water was pumped from 

Monitor Well MW-7 at an average rate of about 1.4 gallons per minute (a 

total of about 4000 gallons) with a drawdown in the water level of about 

4.5 feet. An insignificant volume of free product was recovered from 

Monitor Well MW-7 during the pumping test (only a sheen was observed on 

the surface of the water which accumulated in the vacuum truck tank). 

Fluid levels were monitored in Monitor Wells MW-10, MW-11, MW-12 and MW-13 

(located near Monitor Well MW-7) during the pumping test. Fluid levels in 

these wells did not appear to be affected by pumping from Monitor Well 

MW-7. 
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Based on the results of the pumping test, we recommend against using 

the existing monitor wells for recovery of free product in the region of 
Monitor Wells MW-7 and MW-12. Instead, we recommend that a large diameter 

recovery well be installed in the area between Monitor Wells MW-7 and MW- 

12, located as shown in Figure 11, for the recovery of free product in 

this region. The design of this recovery well is based on the recovery 

systems that are currently operating at Terminal JO. Schematic plans for 

the recovery system are shown in Figure 13. We estimate that the cost of 

installing the recovery system will be about SS0,000 with operating/ 

monitoring costs of about $3,000 per month. We estimate that the recovery 

system will operate for a period of at least 2 years. 

A second recovery system may be needed in the region of Monitor Well 

MW-3. Free product was detected in this well for the first time during 

our last round of measurements on October 28, 1988. We recommend that 

the second recovery system be installed if free product continues to be 

detected at Monitor Well MW-3 after 6 months of operation of the proposed 

recovery system near Monitor Wells MW-7 and MW-12. Costs for the second 

system will be similar to costs for the proposed recovery system near 

Monitor Wells MW-7 and MW-12. 

GROUND WATER CONTAMINATION 
General: The concentrations of dissolved petroleum-related 

contaminants (BETX and petroleum hydrocarbons), dissolved organic lead and 

total dissolved lead in ground water from Monitor Wells MW-1, MW-2, MW-4, 
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MW�� MW-6, MW-8, and MW-9 were generally nondetectable or less than the 

recommended (or proposed) drinking water quality standards for these 

contaminants. 
Elevated concentrations of benzene were detected in ground water from 

Monitor Wells MW-3, MW-10 and MW-11. Monitor Wells MW-7 and MW-12 are 

located near the East Duwamish Waterway and free product has been detected 

in these wells. Ground water samples were not collected from these wells 

because of the presence of free product. We expect that ground water in 

the vicinity of Monitor Wells MW-7 and MW-12 also contains elevated 

concentrations of dissolved petroleum-related cpntaminants. 

Ground water appears to flow to the East Duwamish Waterway primarily 

from beneath the northeastern and southeastern corners of the site (near 

Monitor Wells }!W-6 and MW-9), although a limited amount of seepage of 

ground water in an eastward direction from beneath the plume (toward 

Monitor Well MW-13) may occur during periods of low tide. Benzene was not 

detected in ground water from Monitor Wells MW-6, MW-8, MW-9 and MW-13, 

located near· the East Duwamish Waterway and downgradient of Monitor 

Wells MW-3, MW-7, MW-10, MW-II and MW-12. It is possible that the 

concentrations of benzene detected in ground water from Monitor Wells 

MW-3, MW-10, MW-11 and from beneath the free product plume decline to 

nondetectable levels through dilution and/or biodegradation as ground 

water flows eastward and mixes with brackish water before discharging into 

the East Duwamish Waterway. 

An elevated level of TPH was detected in ground water from Monitor 

Well MW-13, located east of the free product plume and the timber 
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suggests that the "he av Le r " dissolved components of the free product may 

be slowly migrating t h rough the timber bulkhead in this region. TPH 

generally degrades less rapidly than BETX and ground water contaminated by 

TPH may be migrating to the East Duwamish Waterway in the vicinity of 

Monitor Well MW-13. 

Al though we expect that ground water in the region of the free 

product plume is contaminated by components of petroleum products, the 

contaminated ground water does not appear to represent an imminent threat 
to public health or the environment. As described previously, the 

exchange of ground water with surface water in the East Duwamish Waterway 

appears to occur primarily from beneath the southeastern and northeastern 

corners of the site ( in the vicinity of Monitor Wells MW-6 and MW-9, 

respectively), areas in which little or no petroleum-related contamination 

has been detected in ground water. 

Remediation: We estimate that contaminated ground water will be 

pumped from the recovery well(s) at a rate of about 4 gpm per well during 

the proposed free product recovery program. We recommend that this water 

be routed through an oil/water separator prior to discharge to the METRO 

sewer system. We estimate that the cost of installing the oil/water 

separator will be about $5,000 with the cost of water disposal at about 

$4,500 per well per year. 
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We recommend that the possible need for additional treatment of 

ground water ( in addition to the water pumped during the proposed free 

product recovery program) be evaluated after completion of the proposed 

free product recovery program. 

ADDITIONAL MONITORING 
We recommend that the on-site monitor wells be measured monthly to 

monitor future trends in water levels and product thickness. We further 

recommend that ground water samples be collected from Monitor Wells MW-6, 

:fi,-8, MW-9, and MW-13 on a quarterly basis (4 times per year) and analyzed 

for the presence of petroleum-related contaminants to establish a data 

base for future evaluation. 

OIL/WATER SEPARATORS 
Four concrete vaults which are located near the East Duwamish 

Waterway are used as valve pits for the petroleum product pipelines, 

Ground water which accumulates in the vaults is pumped to two separate 

oil/water separators, Water from the oil/water separators is discharged 

to the East Duwamish Waterway through the storm water system. Free 

product has accumulated in the southeastern valve pit in the past 

apparently as a result of pipeline leaks. 

We recommend that the volume of free product that accumulates in the 

southeastern oil/water separator be monitored on a weekly basis to 

evaluate the rate of product accumulation, to detect potential future 

leaks in the pipelines, and to determine when the oil/water separator is 

at capacity with respect to the stored volume of free product. 
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�Jr:l Geo ��Engineers LIMITATIONS 

We have prepared this report for use by the Port of Seattle in the 

evaluation of subsurface petroleum-related contamination at the former 

Shell bulk terminal at Terminal )8. 

not applicable to other sites. 

The information contained herein is 

Our conclusions are based on limited subsurface dat3 and are subject 
to modification based on the results of future monitoring and/or addi- 

tional explorations at the site. 

Within the limitations of scope, schedule and budget, our services 

have been executed in accordance with generally accepted practices in this 

area at the time the report was prepared. No other conditions, express or 

implied, should be understood. 

0 0 0 

We appreciate the opportunity to be of service. 

have any questions regarding our report. 

Please call if you 

Respectfully submitted, 

GeoEngineers, Inc. 

cl,f H�!i: � 
Project Manager 

�a� 
mes A. Miller 
incipal 

JHB:JAM:cs 
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TABLE 2 

SUMMARY OF FIELD GROUND WATER QUALITY MEASUREMENTS 

Temperature Conductivity 
Monitor (oC) (umhos/cm) H 
Well 2/6/88 6/4/88 2/6/88 6/4/88 2/6/88 6/4/88 

MW-1 10 13.3 220 330 7.3 7.0 
MW-2 11.5 13.9 185 170 6.7 6.5 
MW-3 11. 5 13.3 570 470 6.0 7.0 
MW-4 15 16.l 1060 760 6.2 6.6 
MW-5 12 13.9 1940 1700 6.2 6.3 
MW-6 14 1320 6.6 

MW-8 10 15.6 2030 1070 5.9 6.7 
MW-9 10 12.2 1330 )19,900 7.6 7.9 
MW-10 14.4 1120 6.4 
MW-11 14.4 950 6.2 
MW-12 
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2 0 - STEEL � EXISTING GRADE 

CONCRETE VAULT 
1 5 - 

cc 
co ---.. -10 - cc ---.. 
� 
� 

f- 

"" "" 
OJ 
I 
-:, 

� 
l 

.cr 
N 

l 

"' 0 

"' 0 

SCALE: 1"=5' 

DOERR GRAVEL GUARD WELL 
CASING, 30-INCH DfAMETE�, 
7-GAUGE, �ILD STE�L 

DOERR GRAVEL GUARD WELL 
SCREEN, 30-INCH DIAMET�R, 
7-GA.UGE, 1/ 15n LOUVER UE?T!-: 

SELECT GRAVEL PACK BACKFILL 

?U�PING VATER LEV�L 

,, O· ,· . 

-�· .. 

:·-; ... ...,-: .. 
: �,,·.f-----1. :o 
. :� '_':o _·,. �- ... 

;.} 51... 
t.· ••. 

�··::� 
.. , 
.o. ,· 
·:..:' 
- . . . ... ·. ·: ( 

�:·· .. - ' · .... ... ...... .. ' ... 
) ... 
. :-:.·. • ... ·� 

NOTE: RECOVERY SYSTEM WILL CONSIST OF "ORS WATER TABLE 
DEPRESSION PUMP AND SCAVENGER PRODUCT RECOVERY 
PUMP" \,ITH RELATED FLUID LEVEL PROSES. 

0 - 

5 - 

1 0 _ 

-5 - 

\ 

� 
3: - - ::c:: 
'- - - - ,. 

z 
- 

' z :::: - � 
< > 
- __J 
....:.....; 

-1\t� Geo ill� Engineers 
RECOVERY WELL SCHEMATIC 

FIGURE 13 
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Geo ��Engineers 

A P P E N D I X A 

FIELD EXPLORATIONS 
DRILLING AND SOIL SAMPLING PROGRAM 

Subsurface conditions at the former Shel-1 terminal were explored by 

drilling thirteen borings (Borings MW-1 through MW-13) at the locations 

indicated in Figures 2 and 4. Borings MW-1 through MW-5, MW-7 and MW-8 

were drilled on December 16, 1987. Borings MW-6 and MW-9 were drilled on 

January 8, 1988. Borings MW-1·0 t.hrcugh- MW-12 were drilled on April 30, 

1988. Boring MW-13 was drilled on October 13, 1988. The borings were 

drilled to depths of about 15 to 20 feet using truck-mounted, hollow-stem 

auger drilling equipment. The drilling and soil sampling equipment was 

cleaned with a hot-water pressure washer between each boring. The soil 

sampling equipment was washed in a trisodium phosphate solution, rinsed 

with a hot-water pressure washer, and rinsed again with distilled water 

rinse prior to each sample attempt. 

A geologist from our staff determined the boring locations, examined 

and classified the soils encountered, and prepared a detailed log of each 

boring. Soils encountered were class1fied visually in general accordance 

with ASTM D-2488-83, which is described in Figure A-1. An explanation of 

the boring log symbols is presented in Figure A-2. The boring logs are 

given in Figures A-3 through A-15. 

Relatively undisturbed soil samples were obtained from each boring at 

about 5 foot intervals using a 2. 4 inch I.D. split-spoon sampler. The 

sampler was driven 18 inches by a 300-pound weight falling a vertical 

distance of approximately 30 inches. The number of blows needed to 

advance the sampler the final 12 inches is indicated to the left of the 

corresponding sample notations on the boring logs. 

Sieve analyses were performed on several soil samples to determine 

soil grain-size distributions. 

given in Figures A-16 to A-20. 

The results of the sieve analyses are 

A - 1 
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Geo -Engineers 

GENERAL GROUND WATER QUALITY 

The temperature, pH and electrical conductivity of ground water which 

was bailed from the monitor wells during sample collection were measured 

with Whatman pH, temperature and conductivity sensors. The calibration of 

the pH and conductivity sensors was checked against standard solutions 

prior to measurements at each well. The calibration of the temperature 

sensor was compared to a laboratory thermometer prior to use in the field. 

The results of these measurements are summarized in the main body of this 

report. 

GROUND WATER ELEVATION AND FREE PRODUCT THICKNESS 

The depth to the ground water table relative to the monitor well 

casing rims was measured several times during two tide cycles on 

February 6 and June 4, 1988. A single round of well measurements was also 

conducted on October 28, 1988. The measurements were made in Monitor 

Wells MW-7, MW-12 and MW-Al through MW-AS using a weighted fiberglass tape 

and water-finding paste. The measurements were made in Monitor Wells MW-1 

through MW-6, MW-8 through MW-11 and HC-2 with an electric sounder. 

Equipment which came in contact with the well casings was. washed in a 

trisodium phosphate wash followed by a distilled water rinse prior to 

insertion in each well. Ground water elevation was calculated by 

subtracting the water table depth from the casing rim elevation. Free 

product thiclmess was calculated by subtracting the depth to water from 

the depth to product. Water table and free product positions measured on 

February 6, June 4, or October 28, 1988 are shown on the monitor well 

logs. 
Plots of the elevation of the ground water table in each monitor well 

and the elevation of the East Duwamish Waterway during approximately 

12-hour periods on February 6 and June 4, 1988 are shown in Figures A-21 

through A-52. 

HYDROCARBON VAPOR CONCENTRATIONS 

Hydrocarbon vapor concentrations were measured in the monitor wells 

on February 6 and June 4, 1988. Vapor concentrations in parts per 

A - 3 
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-�J.!lj Geo �,=Engineers 
million ( ppm) were measured with our Bacharach TLV Sniffer, which is 
calibrated to hexane. 
report. 

The field data are presented in Table l of this 

ANALYTICAL PROGRAM 
The water and product samples were analyzed by Analytical 

Technologies, Inc. The water samples were analyzed for purgeable 
aromatics by EPA Method 602, total recoverable petroleum hydrocarbons by 
EPA Method. 418.1, and organic and total lead by EPA Method 7421. The 
petroleum product samples were analyzed for product type, flash point, and 
API gravity by EPA Methods 8010 (modified), 1010 (modified) and ASTM D287, 
respectively. 
Appendix B. 

Contaminants were not detected in the rinseate or trip blank samples. 
The results for the blind and duplicate analyses are generally within 
acceptable limits and are given in Appendix B. 

A - 4 

Analytical, QA and Chain of Custody reports are given in 
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SOIL CLASSIFICATION SYSTEM 

MAJOR DIVISIONS GROUP GROUP NAME SYMBOL 

GRAVEL CLEAN GRAVEL GW WELL-GRADED GRAVEL, FINE TO 
COARSE COARSE GRAVEL 

GRAINED GP POORLY-GRADED GRAVEL 

SOILS 
MORE THAN 50% GRAVEL GM SILTY GRAVEL 

OF COARSE FRACTION WITH FINES RETAINED 
ON NO. 4 SJEVE GC "rt CLAYEY GRAVEL 

MORE THAN 50% 
RETAINED ON 

SAND CLEAN SAND SW WELL-GRADED SAND, FINE TO 
NO. 200 SIEVE COARSE SANO 

SP POORLY-GRADED SANO 

MORE THAN 50'% SAND SM SIL TY SANO 
OF COARSE FRACTION WITH FINES PASSES - 

NO. 4 SIEVE SC CLAYEY SAND 

SILT AND CLAY ML SILT 
FINE INORGANIC 

GRAINED CL CLAY 

SOILS LIQUID LIMIT 
LESS THAN 50 ORGANIC OL ORGANIC SILT, ORGANIC CLAY 

SILT AND CLAY MH SILT OF HIGH PLASTICITY, ELASTIC SILT 
MORE THAN 50% INORGANIC PASSES NO, 200 

CH CLAY OF HIGH PLASTICITY, FAT CLAY SIEVE 
LIQUID LIMIT 
50 OR MORE ORGANIC OH ORGANIC OLAY, ORGANIC SILT 

HIGHLY ORGANIC SOILS PT PEAT 

NOTES: SOIL MOISTURE MODIFIERS: 

1. Field classification Is based on Dry - Absence of moisture, dusty, dry 
visual examination of soil In general to the touch 
accordance wlth ASTM 02488-83. 

Moist - Damp, but no visible water 
2. Soil classification using laboratory 

tests Is based on ASTM 02�87-83. Wet - Visible free water or saturated, 

3. Descriptions of soil density or 
usually soil is obtained from 

consistency are based on below water table 

interpretation of blowcount data, 
visual appearance of soils, and/or 
test data. 

�Ii GeoEnglneers SOIL CLASSIFIGATION SYSTEM "� Incorporated FIGURE A• 1 
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LABORATORY TESTS: SOIL GRAPH: 

AL Atterberg limits 
CP Compaction 
cs Consolidation 
DS Direct shear 
GS Grain- size analysis 
HA Hydrometer analysis 

K Permeability 
M Moisture content 

MD Moisture and density 
SP Swelling pressure 
TX Triaxial compression 
UC Unconfined compression 
CA Chemical Analysis 

BLOW-COUNT /SAMPLE DA TA: 

Blows required to drive Dames & 
Moore sampler 12 inches or 
other indicated distances using 

pound hammer falling 
inches. 

]< 

SM 

ML 

t-: SP­ SM 

'-////////,.;,. 

12 [8l 

Soil Group Symbpl 
(See Note 1) 

Distinct contact between 
Soil Strata 

Gradual Change between 
Soil Strata 

Bottom of Boring 

Location of relatively 
undisturbed sample 

Location of disturbed sample 

� Water Leve), 

"P" indicates sampler pushed with 
weight of hammer or hydraulics 
of drill rig. 

NOTES: 

10 Cji 

40 liiil 

Location of sampling attempt 
with no recovery 

Location of sample attempt 
using Standard Penetration Test 
procedures 

Location of relatively undisturbed . 
sample using 140 pound hammer 
falling 30 inches. 

00 
00 

I 
<D 
00 

UJ 
CJ 

1. Soil classification system is summarized in Figure A-1. 

2. The reader must refer to the discussion in the report text 
as well as the exploration logs for a proper understanding 
of subsurface conditions. 

-1.((11,- 
Geo ��Engineers 

KEY TO BORING LOG SYMBOLS 

FIGURE A-2 
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MONITOR WELL NO. MW-1 

WELL SCHEMATIC 
Casing Elevation: 16.73 
Casing Stickup: -0.2 

,� 
�c o� _o mo 

w � 
ii 
; Group 
"' Symbol 

DESCRIPTION 
Surface Elevation: 16.9 

- 

- 

- 

- 

- 

- 

- 
,- 

12/15i?,7 

s·rROl�G PETROLEUM ODOR 

DARK Bf{OWN FINE rn M!.:1/lJM SAt�D WITH A TRACE OF I-­ 
SILT (DENS!:, MOl'.�T) 

.:g.wAil:R [_E.\'f.:I_ l):,.J 2/'.1/8() 
(;J.:,\Df:S TO Wf.l 1- 

- 
• 

28 
• 

- 

SP 

12 

40. 

. t. 

" STEEL SURFACE 

� 
[/ MONUMENT 

� ;I -CEMENT GROUT ' ,, ;, 
; I 
', -,, 2-!NCH, 
�t ' SCHEDULE 40 
� � PVC WELL 

CASING 

Note: See Figure A-2 for Explanation of Symbols 

/::.::t�'i--MEDIUM SAND ill "'"'" 
·:_:··=il-2-1 NCH 
/.::: )\ SCHEOU�E LiO 
> = :',, PVC WELL 
:.:-:·= :.t: SCREEN, • 020 
f.:·:.E :;j; INCH SLOT 

�H "'" 
:�r B/,SE OF WELL 

AT 14.3 FEET 

2- 

1 - 

o-Tli'i!�:=si'ESLsw>FAC���r;:-;:--r-;:;:�-;-:;:-;-;:-;:-;:;;:;;:-;;;;-;:;;:--��������,- As ASPHALTJC CONCRETE 
r---- sw BROWN FINE TO COARSE SAND WITH GRAVEL AND A 

TRACE OF SILT (MEDIUM DEIJSE, MOIST) 

3- 

4- 

16- 

16- 

14- 

' ..,. 
N 

' '" 0 � � 

5- 

6- 

... 7- 
UJ 
UJ 

� u. 
00 = --. 8- 
"' :,: 
<, ... 
N a. 

UJ 
Q 9- 

10- 

,_ 
CL 

"' 11- 
z; 
>- 
"- 
>- 12- >- 

13- 

�JI GeoEnglneers ._pi' Incorporated 

LOG OF MONITOR WELL 

FIGURE A-3 
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MONITOR WELL NO. MW-2 

WELL SCHEMATIC 
Casing Elevation: 17.06 
Casing Stickup: -0.1 

� 
.!! c. 
E 
a::s Group 
a, Symbol 

DESCRIPTION 
Surface Elevation: 17 .2 

0 
'/ I 

STEEL SURF AC[· 
MONUMENT 

I tz J- 

1 - ' 1_;,rCEMENT GROUT \ ,· ' ' ' ,�� 1-2-INCH, ,, I, SCHEDULE 40 ' ,, 
2- ,, I� PVC WELL 

'- 'I CASING 
� I'- 

··.· - 
3- .. f // ... 

·:;: e.: .. . , 
4- ;-'.;'' 

.;:, •',:,' 

� ASl'HALT IC CONCRETE 

SW r_;,.·1�·:1SH-BROHN r"lt·II:: rn COARSE SANO WITH GRAVEL 
AND A TRACE OF Sll.T (VERY DENSE, MOIST) 
'.·;1. ! GHT HYDROCARBO�l ODOR I- 

- 

- 
Sl 
• 

- 
- 

- 

- 

- 

TRAC:'. OF _ 

Mc1DER�7E PETROLEUM OD()� 

D1\f.!f� RR:'\•/i'l FINE T(I MED!Ut·; :5:..1,10 HITH A 
SILT (LOOSE, MO I ST) 

SP 

10. 
BASE OF WELL 
AT ::.+.7 FEEl 

- 00 

' 00 - ' f- N w 
w u.. 
3 
:,:: 
f- .. 
w c 

,_ 
>L 
,: 

J- 

� 
J- 
J- 

HtlP, 1 ;a; cr)MPLETED J\T � 5 f7.<� !)j,j 12/i.(;/,)7 

16- - 
Note: See Figure A-2 for Explanation of Symbols 

�Jli GeoEnglneers �iii' Incorporated 

LOG OF MONITOR WELL 

FIGURE A-4 
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MONITOR WELL NO. MW-3 

- 

- 

- 
- 

GRADES TO LOOSE �N� WE7 

DESCRIPTION 
Surface Elevation: 17 .4 

ASPHALTIC CONCRETE 
G::AY\Sli-BROWN FINE TO COARSE SAND WITH GRAVEL 

AND A TRACE OF SILT (DENSE, MO{ST) 
SL!GHT PETROLEUM ODOR 

DARK BROWN FINE TO MEDIUM SAND WITH A TRACE OF 
SILT (MEDIUM DENSE, MntsT TO WET) 

�WATER LEVEL ')N 2,'(,/8:� 
STRONG PETROLEUM ODOR - SHEEN ON SOIL 

1-8,L 
SW 

SP 

� � c. 
; Group 
"' Symbol 

55. 

8. 

18. 

BASC Of WELL 
AT i4.4 FEET 

PVC WELL 
SCREEN, . 0 2 0 
INCH SLOT 
WIDTH 

::Iii i1::: 

,,: ·. �:'I--? - I NCH 
;��-·/ ;CHEou[E 40 

WELL SCHEMATIC ,_ 
Casing Elevatlon: 17.25 3 " o� _o 
Casing Stickup: -0.2 mu 

0 SURF AC 
� 

5 TEEL 
I/ MONUMENT 
� 

1 - 
., ·, -CEMENT GROUT /, 
-; I' 
I '1 

2-INCH, ' ,' . ' SCHEDULE 40 I, ' 2- c: ,, PVC WELL ""' CASING 

3- 

11 - 

16- 

4- 

5- 

6- 

... 7- 
w w 
u. 
!!: a- 
:c ... 
0.. w c 9- 

10- 

12- 

" ' 13- 
" N 

' � 
0 ·� 14- 0 

IL 
I­ 
I- 

BOR[N1; COMPLETED ,\T i� -=i:r- nH 12/16/87 

16 

Note: See Figure A-2 lor Explanation of Symbols 

lf� GeoEnglneers lftfiiill Incorporated 

LOG OF MONITOR WELL 

FIGURE A-5 
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MONITOR WELL NO. MW-4 

1 - 

2- 

" WELL SCHEMATIC I - f 
Jc E DESCRIPTION Casing Elevatlon: 17.2 ... .2 g as Group 

Casing Stickup: -0.2 IIIC.:> ., Symbol Surface Elevation: 17.5 
0-n�"'-;::�-;::::::�::r-��-,-;,:r,-"7:'c;;;:;;Tr;;:--;:;::;:"'"'�����������--,- r;� }'�STEEL SURFACE I-""- ftSPHALT!C CONCRETE 

1 
/ � MONUMENT SW 13P.OWN FI NE TO COARSE SAND W ! TH GRAVEL AND ,:.. 
� TRACE OF SILT (DEtlSE, MOIST) 
/.,:- ,�-CEMENT GROUT 
'\ I ,, .,, 

I,.... ... , 
� 11- �1-2- I NCH, 
.... , \1 SCHEDULE 40 
� .•.:' C.., PVC WELL CASING 

- 

I- 

- 

,... 

GPADES TO LOOSE AND WET 
MOO�RATE PETROLEUM ODOR 

Sl.[(il·tT PETROLEUM nor)R 

DARK.BROWN FINE TO M�DIUM SAND W[TH A TRAC� OF 
SILT (MED[lJM DENSI:, MOIST) 

SP 

- 

12 
• 

45. - 

.8. 
BASE OF WELL 
AT 14.3 FEET 

WlDTH 
SCREEN, • 020 
INCH SLOT 

Ii� 
:··:1=1�-MEDIUM SANO 
:·.1=:;.:·: BACKFILL 

_:-,:··!=\) SCHEDULE 40 

3- 

5- 

4- 

6- 

11 - 

,- 7- 
w w 
u. 
'!: a- 
:,: ,- 
a. w 
Q 9- 

10- 

12- 

" 13- ' -r 
N 

' � 
0 

0 14- 

15- 

z � 

BOR\tJG C0,'·1PLETED AT 15 FEET ON 12/lG/87 

16- - 
Note: See FlgureA-2 for Explanation of Symbols 

LOG OF MONITOR WELL 

FIGURE A-6 
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MONITOR WELL NO. MW-5 

WELL SCHEMATIC 
Casing Elevation: 17 .27 
Casing Stickup: -0.2 

� • 0. 
� Group 
"' Symbol 

DESCRIPTION 
Surface Elevation: 17.4 

AT 14.6 FEET 

MED I UM SAND 
BACKFILL 

- 

- 

- 

- 

- 

L-. 

- 

�,il L2/15/37 

l>P.A[)f:S T() WET 

Mt1DERATE TO STROl·JG Pf:TROLEUM ODOR 

BOR!NG COMPLETED AT 15 

fjf�(J\-/ti FINF. TO COARSE :.AND WITH GRAVEL ANO A 
TRACf OF SlLT (MEDIUM DENSE, MOIST) SLIGHT 
PETROLEUM ODOR 

t\SPHALTIC CONCRET!:::. 

�R�Y !:INE TO MEDIU:� ��r�o WlT1i A TRACE OF SJL; 
(MEDIUM DENSE, MOIST) SLIGHT PETROLEUM ODOR 

DA!�K BROWI\J FI MF. if) Ml:D I UM �·,1\ND WI TM A TRACE 
OF SILT (LOOSE, MOIST) 

�W,\TER L.f:VEL Otl i/h,'�.8 

SW 
AC - 

SP 

- 

7. 

27 
• 

10. 

J STEEL SURFACE 
'.!_ MONUMENT 
I 

f',.......,1t-CEMENT GROUT 

K� 

'/ 
'.4 
't 
'· 'I 
I 

,..., -�-2-[NCH ' , . 
� µ SCHEDULE 40 

PVC WELL 
CASI NG 

16- 

14- 

11 - 

0 

1 - 

2- 

3- 

4- 

5- 

6- 

.... 7- 
w w u. 
� a- 
::c .... 
0.. w 
Q 9- 

10- 

u, 
t­ 
t- 

t­ 

"' "' z 
t- 

- 
16- 

Note: See Figure A-2 for Explanation of Symbols 

GeoEnglneers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-7 
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MONITOR WELL NO. MW-6 

- 
- 

- 

- 

- 

- 

I- 

- 
- 

I- 

I- 

FIGURE A-8 

LOG OF MONITOR WELL 

G�AY FINE SANn WITH A TRACE OF SILT AND 
tiCCASIONAL GRAVEL (LOOSE,-WET) 
STRON� PETROLEUM ODOR 

BORIMG C:nMPLETF.D /\T :!O.O F::ET ()N l.'8/88 

JZ..HIGH \','ATER LEVEL nf\1 2/6188 
- GR/\Df-:S ro (Mf.[)IIIM Df·:NSF::, 1,.10TST) WITH CREOSOTE­ 

LIKF. ODnR 

SP 

�LOH WATER. Ll-':'-/f.L OtJ '.'.ifi/SS - SW GRAY FINE TO CO�RSE ��Nn WITH A TRACE OF SILT 
(LOOSE, Wf.T) 

• 

• 

• 

9 • 

,_ 
� <: 
0:, _o 
al() 

1 5 

11 

40 
SE. L 

-·. _:,.· 

WELL SCHEMATIC 
Casing Elevation: 17 .44 
Casing Stickup: -0.1 

BASF. OF WELL 
AT 20.0 FEET 

··.·- ···. .. ::-· 

/'�lit-MED I UM SAND .',-= '·· · BACKFILL =·.· 

iii 1,:: 
:·,:-:: .... 
t\� .. ··, 

�,Ii GeoEnglneers 
"'� Incorporated 

Note: See Figure A-2 for Explanation of Symbols 

- 

"' � a. 
E DESCRIPTION ro Group 

en Symbol Surface Elevation: 17.5 
o-n,i�=si='EEL��-,-��T:hcTS:-iNcffTsPH11L'fGcciiNfi;i"ETI�������,- srEEL ,-..!l.L_ 5-(NCH I\SPHALTIC CONCRcTE 

rL �. SURr-"ACI: GW BROWN FINI: TO COARSE GRAVEL WITH SAND AND A 
: 

1� MONUMENT TRAC� OF SILT (DFNSE, �101ST) . ! fr ����RETE 

·. Ii LEENTON(TE 
.:; 1-�'r-2-INCH, 

5 � ;}I/ �1�:�i�C '•O 

�?!�-':.: 
\I,! "";-2: I NCH, 

c;'-- =c··., SCHEDULE 40 
.,, ::/·.' PVC WELL 
.. , -··· SCREEN .020 -:§o, INCH 

40- 

10- 
. 
. 
. 
. 

15- 

. 
,- 
"' . 
"' u. . 
z -20- 
:,:: ,- 
a. 
"' Q 

. 

. 
25- 

. 

. 
. 
. 

30- 
. 

. 
- 

35- 
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MONITOR WELL NO. MW-7 

WELL SCHEMATIC 
Casing Elevation: 17.26 
Casing Stlokup: -0.1 

,_ 
s s o� _o 
lll<J 

• • 0. 
E a, Group 
"' Symbol 

DESCRIPTION 
Surface Elevation: 17 .4 

67. rr- 

- 
'"sP GP.t\Y TO 0/\P..K BR()Wl·l FINE rn MEDIUM SAND WITH � 

GRAVEL AND OCCASIONAL ASPHALT RUBBLE (VERY 
DENSE, MOIST) SLIGHT PETROLEUM ODOR 

- 

- 

- 

,_ 

.... 

,_ 

.... 

sr DARK GRAY FINE SAND WITH A TRACE OF SILT 
(MEDIUM DENSE, MOIST) STRONG PETROLEUM ODOR 
AND SHEEN ON SOIL 

l---!l£- ASf'HALTIC CONCRETE 
SW f�POHl'I FINE TO (OARSI :,Ar�o WITH GRAVEL (MEDIUM 

Dt:nsr:, MOIST) 

• 8 

..¥,.PRODUCT LEVEL ON :?./fi/88 

12 
• 

GR/1,DES T() WET 

.¥,.W/\TF:R LF.VEL ON t'./f'>/88 

BASE OF WELL 
AT ls,3 FEET 

r11= � �STEEL SURFACE 
II I MONUMENT 
� �I-CEMENT GROUT 

' ' 1,\ 1-s1--2-tNCH, 
) '\, '..iCHEDULE 40 
� ...,. PVC WELL 

' � CASING 

' " // < / 
�' \ / 
u �� 

14- 

0 

1 - 

2- 

3- 

4- 

6- 

6- 

I- 7- 
w 
w 
IL. 

z 8- 
:,: 
I- 
Q, 
w 
Cl 9- 

10- 

11- 

12- 

13- 

z ,_ 

<, 
N 

.,. 
' .,. ,, 
' � 
0 � 
0 

BORJMG 1.0MPLETED t\T i5 1;Cf::T l)f\J lL/iG/87 

16 

Note: See FlgureA-2for Explanation of Symbols 

d(.JI GeoEnglneers 
�jiiP Incorporated 

LOG OF MONITOR WELL 

FIGURE A-9 
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MONITOR WELL NO. MW-8 

WELL SCHEMATIC 
Casing Elevation: 17 .1 
Casing Stickup: -0.2 

,_ 
�c 
0:, -0 eio 

� 
$ 
c. 
; Group 
"' Symbol 

DESCRIPTION 
Surface Elevation: 17 .3 

- 

- 

- 

- 

- 

- 

I- 
GRAYISH-BROWN FINE TO C<1ARSE SAND Wi7�1 GRAVEL 

(MEDIUM DENSE, MOIST) SLIGHT PETROLEUM 

BORING (()MPLt:TED 1\T i s r-�:i:T CJiJ �2/16/37 

�WAff:R LEVF.L ()N 2/(;/08 

SLIGliT PETROLEUM ODOR 

SW nRc( ... /N f- INf. TO COI\RSE '.)t\ND W!TH GRAVEL (VERY 
11F.t�SE, M01ST) 

SW 

SW 

- 

31,.. • 

64. 

20. 
WIDTH 

BASE OF WELL 
AT 14. 9 FEET 

- 

:::!:� / 

l!H 
::.··E :f_r-MED I UM SAND 
':·:·.= ;'./,;' BACKF t LL 

/J:: if. SCHEDULE 40 
::·,."!::;:':'·: PVC WELL .. .:/:t:: :.(:-;:. SCREEN, • 020 

o-Tli,1�t=s'ru,s"uRFA1::;r��T°AcT""i::::-;�-;c,;:--;:;:;:�����������T F/ II STEEL SURFACE � ASr�lAl. TIC CONCRETE 
j_ ti MONUMENT GW E,RO\>IM F!NE TO COARSF. c�RAVEL WITH FINE TO CO,C..RSE 
�- � t-CEMENT GROUT '.:i1\MD (DF.NSE, MO l J T .l 
- / I 
� \ - <" I,,-! .... \ - 
i{ ,., 
:.:·J ... �.1-2- I NCH, 
�! .. SCHEDULE 40 

PVC WELL 
CAST NG 

1 - 

2- 

3- 

4- 

5- 

6- 

... 7- 
w 
w u. 
� a- 
:,:: ... 
0. w c 9- 

10- 

11 - 

12- 

13- 

14- 

15- 

16 _J 

Note: See Figure A-2for Explanation of Symbols 

;;.il,1 GeoEnglneers �,= Incorporated 

LOG OF MONITOR WELL 

FIGURE A-10 
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----·-···- ----------------------. ·-· ·- ----- - ·---· -------------� 
MONITOR WELL NO. MW-9 

l,c..?/1.(:1:S ro (,RAY (1/t-:RY DENSE, MOIST) 

DEIISf, MO[ST TO WET) 

GRAD�S TO GRAY (VERY DENSE, WET) 

GRAY FINf TO COARSE SANO WITH GRAVEL (MEDIUM 
-¥..HJ(:,H WATER LEVEL Of'J 1/5/88 

5l- LOW WATF.R LEVEL ON '.!./6/ 38 

SW 
29 • 

63 • 

,_ 
�c o� _o 

eao 

50 
}TI • 

WELL SCHEMATIC 
Casing Elevation: 16.72 
Casing Stickup: -0.60 

" .!! 
� DESCRIPTION 
<U Group 

Cf.I Symbol Surface Elevation: 17 .3 
o""ll".�;Fciis'f"IRO�.,-�--r--g-r,�riT"i\SPHAi.:riccONi:im'E������-,- 1 1 rJ CAST IRON � 5--/N(H ASPHALTlC CONCRl:TE 

· � � SURFACE GW RROW� F[NE TO COARSE GRAVEL WITH SANO AND A 
• lq\MONUMENT Tf�/\ff.. nr- S!LT WITH OCCAS[ONAL COBBLES ::. ·· [±!·,ccoNCRETE 

. ; \�ED I UM SANO 

5- t:,_ � .. ::::::�� 
- )\�ff 1�1�CH, 

_ :"::: ���E���� 40 

,0- i,t:·:::: 
.,;,.,_ :·.,, SCHEDULE 40 

� /::.!= i:f�} PVC WELL 
·,,:-�·.:.: rcREEN 020 

. 
15- 

- 

. 

. 

... w w u. 
z -20- 
:i: ... a. w 
c 

BASE OF WELL 
AT 19,5 FEET 

5 • 
SM 

- 

GRAY SILTY FINE SAND (LOOSE, WET) 

BOR!N� COMPLETED AT 19.� FEET ON 1/8/88 
- 

. 

25- 

. 

30- 

- 

35- 
. 
. 
. 

- 
- 
- 

40- 

Note: See Figure A-2 for Explanation of Symbols 

�&.. �2 1•· GeoE I �Ta ngneers lfl!iii= Incorporated 

LOG OF MONITOR WELL 

FIGURE A-11 

'- 
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--' w 
aJ 
r -, 

u 

.,. 
' .,. 

N 

' � 
0 � 
0 

MONITOR WELL NO. MW-10 
� 

WELL SCHEMATIC • ,- ii �c DESCRIPTION Casing Elevation: 17.16 o� E Group _o • Casing Stickup: -0.1 mu "' Symbol Surface Elevation: 17.3 
0 STEEL SURFACE ILL 3 INCHES ASPHALT IC CONCRETE v MONUMENT SW I. I lTHT GR/\Y Ff t-J[ TO COARSE SAND WITH GRAVEL 

I/ /\h! () SILf ( HF.D 1 llM DE�JSF. I MOIST) 
1 - '-' t- 

= � �BENTON I TE SEAL 

2- la; I t- •..... 2-lNCH, :.·· 

t1 
,:::·: SCHEDULE 40 PVC 
·.: WELL CASING :,·: 3- ... 50. GR.·\DES TO VEP.. Y DENSE f- ;:: S" ., 

:. ,:. 
::', .': 4- :;: t- 
z: 1,:, 

STRONG PETROLEUM ODOR AT 4.5 FEET · .. 
:·i _;:, ,. 

5- '!t 1--2-INCH, t- .:,1, ... SCHEJ\ILF. 40 PVC 
:i:. 

f. CASING, ,- . :::.:: WELL SM BLACKISH-GRAY SILTY FINE TO MEDIUM SAND WITH 

'.J 
@ft: 

0.020-INCH SLOT OCCASIONAL GRAVEL (DENSE, MO I ST) 6- WIDTH t- 

i{ 
.. ·. 

I...':; 

7- c: ·.·:· - ... Ei'.f\_MED I UM SAND w w C: _c:: BACKFILL u. ;: ::.: G�i•DES TO WET :!: 6- 

i 37. - 
:i: s: Wf\Ti:R Ll:VEL ON 6/4/88 ... 
Q. w c - 9- 

STRONG PETROLEUM ODOR \: SHl:EN on SOIL 

10- ::; - 

- 11- if ff .{. 
� /"-·: - 12- 

i',; I- "'. 1- ,:· 
E"}. 
I= ·i·;. (LOOSE, Wf:7) t- 13- 

1\1 
9. VEK'( STRONG PETROL::tJ/1 ODOR MND SHEE'; o t,J 

;!; SV!L ' 
14- - 

I- ··:. t:: :.-· 

� ,___ .... 15- BASE OF WELL 80R I '.·JG COMPLETF.D ,'\ 1 1 s , n Ff-:ET O�J 4/30/88 AT 14. 7 0 FEET 

� 16- 

Note: See Figure A�2 for Explanation of Symbols 

-�,,,. LOG OF MONITOR WELL 

Geo�� Engineers 
FIGURE A-12 
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MONITOR WELL NO. MW-11 

- 

- 

- 

- 

- 

- 

- 

- 

II ·•1.,",1'fj",l·-i,�.\'( MT s.o F�E' 

VF.R� STRONG PETROLEUM ODOR 
GRADES TO MEDIUM DE�lSE WITH OCCASIONhL 
GRAVEL AND SHELL FRAGMENTS 

'.)l·H:E�J ON so IL ( ;,iF'.) I\:· DE�:sc' WF.T) 

DESCRIPTION 

Surface Elevation: 17.4 

1,R,\Df-:S f(I !,!;,1\'r 

GRAY FINE TO r11ED[lJM SMND WITH SILT AND GRAVEL 
(Vt�RY DENSE, MOl:;T) 

� 
SM 

D 

D 

• 

• l l 

18 

• • I ... 0. 
�c s g � Group 
mo "' Symbol 

;� . 

BASE OF WELL 
AT 15,0 FEET 

-,...,i--2-(NCH, 
SCHEDULE 40 
PVC SOLID 

';:1= '.' 

IH m::i'.:::" 
:,:·.� ·:·;,-MEDIUM SAND 
/I=}, BACKFILL i!} 
/�/ 

;\ii:} 
� 

2- 

3- 

1- 

6- 

5- 

4- 

WELL SCHEMATIC 
Casing Elevation: 17.21 
Casing Stickup: -0.2 

0-iir,�i;i:==�s�T�E�E�L:--is�uijRUF�A�C�E:T----1z::;L.LL;:2:i-:,1:1�NttC�HttE�S;!A�S�P�H;,11 ,1: "r;--;c; ,OJIN<i(; :R�E�TrlE�----------r- 
/ V MONUMENT GW- UR{lWN FINE Tl) COARSE GRAVEL WITH SAND AND 
/ I/ GM SILT (MFD[llM IH:.NSE, ,"10JST) I , -'""" r r s "'" 

15- 

13- 

11- 

12- 

14- 

... 7- 
w w u, 
;; 6- 
:,: ... 
11. w 
0 9- 

10- 

j 

' j 
N 

' 

--' w 
cc 
I , 
I 
--' 
u 

0 � 
0 

16- 

Note: See Figure A-2 for Explanation of Symbols 

LOG OF MONITOR WELL 

FIGURE A-13 
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MONITOR WELL NO. MW-12 

-. 

DESCRIPTION 
Surface Elevation: 17.4 

',R,\))t;S r n 1,,:-;, 

�LIG�T PETROL�lJM (lDOR 

STRONG PETROLEUM ODOR 
5/- HIGH PRODUCT LEVt':L (HJ ,)i4/88 

GP ilL,,1:KISH-GRAY ff!·lt (OhRSE GRAVEL W[T� SAND 
(VERY DENSE, MC1lST1 

SP- !;RI\Y r t ru: f,) ,'1t Oll1H .:1.·.,-1 l·/1 :H SILT (M:::'1JM 
SM DENSF, WET) 

Group 
Symbol 

• m 
0. 
E • "' 

50 • 5" 

50 
• 

,- 
�§ Oo ae 

1, • 

BENTON I TE SEAL 

2-INCH,· 
SCHEDULE 40 PVC 
SOLID 

2-INCH, 
SCHEDULE 4 0 PVC 
0.020-INCH SLOT 
WIDTH 

RASE OF WELL AT 
15.0 Ff::ET 

MEO I UM SAND 
BACKFILL 

WELL SCHEMATIC 
Casing Elevation: 17.18 
Casing Stickup: -0.2 

o-,...,.,.....,�:=c" s,T0 E" E'L� S� U0 R0 fAAC CCE�-,-���--,r7-,-,-7 J- .7 1--: r� N; C� H;E;S-;:A;S;P,H�A7L�T� l�C-;:C�O�N�C;R�E�T�E,--�������-,- 
MONUMENT GW BRClWN FINE Trl 1:0ARS� GRAVEL WITH SAND AND 

< u. r (MF.Ofl!M l)ftlSF., MO[ST) 

2 

15 

3 

4 

5 

6 

,_ 7 
w w 
u. 
;; 8 
J: ,_ 

co a. w co c - 9 � 
0 
<, � 
0 

10 

--' 
'" 
<O 11 
:c ., 
:c 
'--' 

-"" 
I 

er 
N 

' � 
0 � 
0 

16 

Note: See Figure A-2 for Explanation of Symbols 

LOG OF MONITOR WELL 

FIGURE A-14 
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MONITOR WELL NO. MW-13 

DESCRIPTION 

Surface Elevation: 17.4 

LOW WATER LEVEL ON 10/27/88 

NOTE: UPPER 10 FEET OF BORING WAS EXCAVATED 
BY A BACKHOE BEFORE DRILLING STARTED 

HIGH WATER LEVEL ON 10/28/88 

BORING COMPLETED AT 20! FEET ON 10/13/88 

GRAY T0 DARK BROWN FINE TO COARSE GRAVEL 
'>�!TH SAND AND A TRACE. OF STl.T (MF.DIUM DE,'JS::, 
WET) (FILL)· 

MODeRATE TO STRONG PETROLEUM ODOR 
SP 

DARK GRAY VERY FINE TO FINE SAND WITH A TR4C:: 
l!I OF SILT (LOOSE, WET) (FILL) 

MODERATF PETROLEUM ODOR 
BASE OF WELL A 
19.9 FEET 

�4--2-INCH, 
SCHEDULE 40 PV 
WEU.-- SCREEN 
0.020 INCWSLO 
WIDTH 
MEDIUM SAND 
BACKFILL 

WELL SCHEMA TIC 
Casing Elevation: 16.79 
Casing Stickup: -0.6 

� 
.!! 
c, 
; Group 

UJ Symbol o-1171=17l:=::;;-:;:;;;;-;;;-�"csi-��r;;;::--r-:---:-=-:--:-::-::::-:-:-:-:::--:-::-�:::-������-,- TEEL SURFACE AC 4-INCH ASPHALTIC CONCRETE 
MONUMENT GW BROWN TO GRAY FINE TO CO�RSE GRAVEL WITH BENTONITE SEAL SAND AND A TRACE or S[LT (MEDIUM DENSE, 2-INCH, SCHEDULE 40 PV MOIST TO WET) (FILL) 
WELL CASING 

16 

10 

5 

... w w u. 
z 
- 20 
:t: ... a. w 
0 

25 

30 

35 

40 

Note: See Figure A-2 for Explanation of Symbols 

-�,,,. 
Geo�� Engineers 

LOG OF MONITOR WELL 

FIGURE A-15 
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GRADATION CURVES 
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·dh·AnalyticalTechnologies,lnc. 

February 17, 1988 

APPENDIX B 

Co-oorote Offices 5550 vore-oose Drive Sen ::::iego. CA 92121 (6lQ) 458-91�1 

ATI I.D. 802018 

Geo Engineers 
2405 140th NE Street 
Bellevue, Washington 

suite 105 
98005 

Project No.: 0303-24-4 
Attention: John Biggane 

on February 2, 1988, Analytical Technologies, Inc. received ten 
water samples, a trip blank, and one petroleum product for 
analyses. The samples were analyzed with EPA methodology or 
equivalent methods as specified in the attached analytical 
schedule. Please see the attached-sheet for the sample cross 
reference. 
The results and 

�en Lin 
Inorganics 
ML:tka 

sample cross reference are enclosed. 

Richard M. Amano 
Laboratory Manager 

B - 1 
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CLIENT: GEO ENGINEERS 
PROJECT NAME: (NONE) 

ANALYTICAL SCHEDULE 

ATI I. D. 802018 

PROJECT NO.: 0303-24-4 

---------------------------------------------------------------- 
ANALYSIS TECHNIQUE REFERENCE/METHOD 

---------------------------------------------------------------- FLASH POINT PENSKY-MARTENS EPA 1010 (MODIFIED) (CLOSED CUP) 
API GRAVITY AT 60 F HYDROMETER ASTM D287 
LEAD AA/GF EPA 7421 
ORGANIC LEAD AA/GF EPA 7421 
PURGEABLE AROMATICS GC/PID EPA 8020 

B - 2 
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CLI' 

PRO # 
PRO NAME 

GEO ENGINEERS 
0303-24-4 
( NONE) 

ATI I.D. : 802018 

DATE RECEIVED 

REPORT DATE 
02/02/88. 

02/17/88 

----------------------------------------------------------------------------- ATI it CLIENT DESCRIPTION MATRIX DATE COLLECTED ----------------------------------------------------------------------------- 01 MW-1 WATER 01/30/88 02 MW-2 WATER 01/30/88 03 MW-3 WATER 01/30/88 04 MW-4 WATER 01/30/88 05 MW-5 WATER 01/30/88 06 MW-6 WATER 01/30/88 07 MW--8 WATER ·01/30/88 08 MW-9 WATER 01/30/ 88 09 RINSATE WATER 01/30/88 10 BLIND WATER 01/30/ 88 11 MW-7 NON-AQUEOUS 01/30/88 12 TRIP BLANK WATER 01/30/88 

============================================================================ 
-----TOTALS----- 

MATRIX 

WATER 
NON-AQUEOUS 

# SAMPLES 

11 
1 

ATI STANDARD DISPOSAL PRACTICE ------------------------------ The samples from this project will be disposed of in thirty (30) days from the 
date of this report. If an extended storage period is required, please contact 
our sample control department before the scheduled disposal date. 

B - 3 
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GENERAL CHEMISTRY RESULTS 
ATI I.D. : 802018 

CLIENT 
PROJECT # 
PROJECT NAME 

GEO ENGINEERS 
. 0303-24-4 

( NONE) 

DATE RECEIVED 
REPORT DATE 

02/n2/88 
02/17/88 ----------------------------------------------------------------------------- PARAMETER UNITS 11 ----------------------------------------------------------------------------- API GRAVITY AT 60 DEGREES F 

FLASH POINT 
35.5 

FAHREN 84 

B - 4 
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)� 
CLI./:fl3 
PROJECT # 
PROJECT NAME. 

GEO ENGINEERS 
0303-24-4 
( NONE) ATI I.D. : 802018 

GENERAL CHEMISTRY - QUALITY CONTROL 

----------------------------------------------------------------------------- 
PARAMETER 

SAMPLE DUP. SPIKED SPIKE % 
UNITS ATI I.D. RESULT RESULT RPD SAMPLE CONC REC ----------------------------------------------------------------------------- API GRAVITY 

FLASH POINT 
80201811 35.5 

FAHREN 80206001 >180 
35.5 
>180 

0 
0 

N/A 
N/A 

N/A 
N/A 

N/A 
N/A 

% Recovery= (Spike Sample Result - Sample Result) 
------------------------------------ X 100 Spike Concentration 

RPO (Relative Percent Difference) = (Sample Result - Duplicate Result) 
---------------------------------- X 100 Average Result 

B - 5 
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CLIENT 
PROJECT lf 
PROJECT NAME 

GEO ENGINEERS 
0303-24-4 
( NONE) 

METALS RESULTS 

REPORT DATE : 02/17/88 

ATI I.D. : 802018 
DATE RECEIVED: 02/02/88 

----------------------------------------------------------------------------- PARAMETER UNITS 01 02 03 04 05 ----------------------------------------------------------------------------- ORGANIC LEAD 
LEAD 

MG/L 
MG/L 

<0.01 
0.004 

B - 6 

<0.01 <0,01 <0.01 <0.01 
<0.002 <0.002 <0.002 <0.002 

HI-SHELL000778



CLIENT 
PROJECT # 
PROJECT NAME 

GEO ENGINEERS 
0303-24-4 
( NONE) 

METALS RESULTS 

REPORT DATE : 02/17/88 

ATI I.D. : 802018 
DATE RECEIVED: 02/02/88 

----------------------------------------------------------------------------- PARAMETER UNITS 06 07 08 09 10 ----------------------------------------------------------------------------- ORGANIC LEAD 
LEAD 

MG/L 
MG/L 

<0.01 <0.01 <0.01 <0.01 <0.01 
<0.008 <0.002 <0,008 <0.002 <0.008 

B - 7 
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� CLIENT 
PROJECT t 
PROJECT NAME 

GEO ENGINEERS 
0303-24-4 
( NONE) 

METALS - QUALITY CONTROL 

ATI I.D. : 802018 

----------------------------------------------------------------------------- 
PARAMETER 

SAMPLE DUP, SPIKED SPIKE % 
UNITS ATI I.D. RESULT RESULT RPD SAMPLE CONC REC ----------------------------------------------------------------------------- LEAD 

LEAD 
MG/L 
MG/L 

80201807 <0.01 <0.01 0 
80201808 <0.002 <0.002 0 

0.043 o.oso 86 
0,043 o.oso 86 

% Recovery= (Spike Sample Result - Sample Result) 
------------------------------------ X 100 Spike Concentration 

RPD (Relative Percent Difference) = (Sample Result - Duplicate Result) 
---------------------------------- X 100 Average Result 

B - 8 
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GAS CHROMATOGRAPHY - RESULTS 
ATI I.D. 80201801 

TEST: VOLATILE AROMATICS {EPA METHOD 602) 
CLIENT 
PROJECT t 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
{ NONE) 
MW-1 
WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

01/30/88 
02/02/88 
N/A 
02/06/88 
UG/L 

l ----------------------------------------------------------------------------- COMPOUNDS RESULTS ----------------------------------------------------------------------------- BENZENE 
TOLUENE 
CHLOROB ENZ ENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

B - 9 

<0.5 
0.71 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

N/A 
103 
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GAS CHROMATOGRAPHY - RESULTS 
ATI I.D. 80201802 

TEST: VOLATILE AROMATICS (EPA METHOD 602) 
CLIENT 
PROJECT J 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
( NONE) 
MW-2 
WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

01/30/88 
02/02/88 
N/A 
02/06/ 88 
UG/L 

l ----------------------------------------------------------------------------- COMPOUNDS RESULTS ------�----------------------------------------�--------------�----�--------- BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLS ENZ ENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

<O.S 
0.91 
<O.S 
<O.S 
<O.S 
<O.S 
<O.S 
<O.S 

102 
-* 

* Result out of limits due to sample matrix interference 

B - 10 
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GAS CHROMATOGRAPHY - RESULTS 
ATI I.D. 80201803 

TEST : VOLATILE AROMATICS (EPA·METHOD 602) 
CLIENT 
PROJECT i 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303- .. 4-4 
( NONE) 

MW-3 
WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

01/30/88 
02/02/88 
N/A 
02/06/88 
UG/L 

1 ------------------------------------------------------------------------�---- COMPOUNDS RESULTS .,. ----------------------------------------------------------------------------- BENZENE 
TOLUENE 
CHLOROB ENZ ENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

3 50 
7.1 
<0.5 
0.90 
<0.5 
<0.5 
26 
46 

95 
167 * 

* Result out of limits due to sample matrix interference 

B - 11 
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GAS CHROMATOGRAPHY - RESULTS 
ATI I.D. 80201804 

TEST: VOL�TILE AROMATICS (EPA METHOD 602) 

CLIENT 
PROJECT # 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
( NONE) 
MW-4 
WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

01/30/ 88 
02/02/88 
N/A 
02/11/88 
UG/L 

10 ----------------------------------------------------------------------------- COMPOUNDS RESULTS ----------------------------------------------------------------------------- BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLB ENZ ENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

B - 12 

<S.O 
<S.O 
<S.O 
<5.0 
<S.O <s.o 
11 
43 

72 
99 

HI-SHELL000784



GAS CHROMATOGRAPHY - RESULTS 
ATI I.D. 80201805 

TEST: VOLATILE AROMATICS (EPA METHOD 602) 
CLIENT 
PROJECT t 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
( NONE) 
MW-5 WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

: 01/30/88 
: 02/02/88 
N/A 
02/06/88 
UG/L 

1 

COMPOUNDS 
BENZENE 
TOLUENE 
CHLOROB ENZ ENE 
ETHYLBENZENE 
1,3-DICBLOROBENZENE 
1,2 AND 1,4-DICBLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

B - 13 

.�ESULTS 
<0.5 
1.2 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
0.98 

N/A 
115 
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GAS CHROMATOGRAPHY - RESULTS 
AT! I.D. 80201806 

TEST: VOLATILE AROMATICS (EPA METHOD 602) 
CLIENT 
PROJECT ll 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
( NONE) 
MW-6 
WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

01/30/88 
02/02/88 
N/A 
02/06/88 
UG/L 

1 ----------------------------------------------------------------------------- COMPOUNDS RESULTS 
--------------�---'":' .;;. .;;":;, ..ii,.'_ 

BENZENE 
TOLUENE 
CHLOROB ENZ ENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE ( % ) 

B - 14 

<0.5 
0.76 
<O.S 
1.3 
<0.5 
<0.5 
0.95 
0.94 

105 
125 

HI-SHELL000786



GAS CHROMATOGRAPHY - RESULTS 
ATI I.D. 80201807 

TEST: VOLATILE AROMATICS (EPA METHOD 602) 
CLIENT 
PROJECT # 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
( NONE) 
MW--8 WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
ON ITS 
DILOTION FACTOR 

01/30/88 
02/02/88 
N/A 
02/06/88 
OG/L 

l ----------------------------------------------------------------------------- COMPOUNDS RESOLTS ----------------------------------------------------------------------------- BENZENE 
TOLUENE 
CHLOROB ENZ ENE 
ETHYLB ENZ ENE 
1,3-DICHLOROBENZENE 
1,2 AND l,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

B - 15 

<O.S 
<O.S 
<O.S 
<0.5 
<O.S 
<O.S 
<0.5 
<O.S 

N/A 
102 

HI-SHELL000787



GAS CHROMATOGRAPHY - RESULTS 
ATI I.D. 8020180 8 

TEST: VOLATILE AROMATICS (EPA METHOD 602) 
CLIENT 
PROJECT # 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
( NONE) 
MW-9 
WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

01/30/ 88 
02/02/88 
N/A 
02/06/88 
UG/L 

l ----------------------------------------------------------------------------- COMPOUNDS RESULTS --- -- --- - - - - - - - - -- ---- - . - -- ----- - - - - - - - - - - - --- -- - - - - -- - - -- --�.� -- ---- - --- - -- - - - .: BENZENE 
TOLUENE 
CHLOROB ENZ ENE 
ETHYLS ENZ ENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

B - 16 

<O.S 
<O.S 
<0.5 
<O.S 
<0.5 
<O.S 
<O.S 
1.2 

100 
96 

HI-SHELL000788



GAS CHROMATOGRAPHY - RESULTS 
ATI I.D. 80201809 

TEST: VOLATILE AROMATICS (EPA METHOD 602) 
CLIENT 
PROJECT II 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
( NONE) 
RI NS ATE 
WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

01/30/88 
02/02/88 
N/A 
02/06/88 
UG/L 

l --------------------------------------------------------�-------------------- COMPOUNDS RESULTS --------------------------------�--------------��---�--���----�-------------- BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLB ENZ ENE 
l,3-DICHLOROBENZENE 
1,2 AND l,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

B - 17 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

99 
85 

HI-SHELL000789



GAS CHROMATOGRAPHY - RESOLTS 

ATI I.D. 80201810 

TEST : VOLATILE AROMATICS (EPA METHOD 602) 

CLIENT 
PROJECT 11 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
( NONE) 

BLIND(MW-t,) 
WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
ON ITS 
DILUTION FACTOR 

01/30/ 88 
02/02/88 
N/A 
02/06/ 88 
UG/L 

1 ----------------------------------------------------------------------------- COMPOUNDS RESOLTS -------------------------------------------------------------�-� ------------ BENZENE 
TOLUENE 
CHLOROB ENZ ENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 

BROMOCHLOROMETHANE (%) 
TRIFLOOROTOLUENE (%) 

B - 18 

<0.5 
1.5 
<0.5 
1.5 
<0.5 
<0.5 
1.2 
1.0 

99 
122 

HI-SHELL000790



GAS CHROMATOGRAPHY - RESULTS 

ATI I.D. 80201812 
TEST: VOLATILE AROMATICS (EPA METHOD 602) 

CLIENT 
PROJECT ;!I 
PROJECT NA!'.:" 
CLIENT I..). 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
( NONE) 
TRIP BLANK 
WATER 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

01/30/88 
02/02/88 
N/A 
02/12/88 
UG/L 

1 ----------------------------------------------------------------------------- COMPOUNDS RESULTS .. �· .1--------------------------------------------------------------�-------------- BENZENE 
TOLUENE 
CHLOROB ENZ ENE 
ETHYLB ENZ ENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

B - 19 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

N/A 
105 
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GAS CHROMATOGRAPHY - RESULTS 
REAGENT BLANK 

CLIENT 
PROJECT t 
PROJECT NAME 
CLIENT I.D. 
COMPOUNDS 

GEO ENGINEERS 
0303-24-4 
( NONE) 
REAGENT BLANK 

ATI I.D. 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

RESULTS 

802018 
02/06/88 
02/06/88 
UG/L 
N/A 

TEST: VOLATILE AROMATICS (EPA METHOD 602) 

BENZENE 
TOLUENE 
CHL OROB ENZ ENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE ( % ) 

B - 20 

<0.5 
<O.S 
<0.5 
<O.S 
<O.S 
<O.S 
<O.S 
<0.5 

103 
105 

HI-SHELL000792



GAS CHROMATOGRAPHY - RESULTS 
REAGENT BLANK 

CLIENT 
PROJECT t 
PROJECT NAME 
CLIENT I.D. 

GEO ENGINEERS 
0303-24-4 
( NONE) 
REAGENT BLANK 

ATI I.D. 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

802018 
: 02/10/88 

02/10/ 88 
UG/L 
N/A 

TEST: VOLATILE AROMATICS (EPA ME�HOD 602) 

----------------------------------------------------------------------------- COMPOUNDS 
BENZENE 
TOLUENE 
CHL OROB ENZ ENE 
ETHYLB ENZ ENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

B - 21 

RESULTS 
<0.5 
<0.5 
<O.S 
<0.5 
<0.5 
<0,5 
<0,5 
<0.5 

80 
99 

HI-SHELL000793



GAS CHROMATOGRAPHY - RESULTS 
REAGENT BLANK 

CLIENT 
PROJECT t 
PROJECT NAME 
CLIENT I,D. 

COMPOUNDS 

GEO ENGINEERS 
0303-24-4 
( NONE) 
REAGENT BLANK 

ATI I,D, 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

RESULTS 

802018 
02/06/88 
02/06/88 
UG/L 
N/A 

TEST: VOLATILE AROMATICS (EPA METHOD 602) 

----------------------------------------------------------------------------- BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLB ENZ ENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 

BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

B - 22 

<0.5 
<0.5 
<0.5 
<0.5 
<0,5 
<0.5 
<0.5 
<0.5 

79 
96 
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GAS CHROMATOGRAPHY - RESULTS 
REAGENT BLANK 

CLIENT 
PROJECT IF 
PROJECT NAME 
CLIENT I.D. 
COMPOUNDS 

GEO ENGINEERS 
0303-24-4 
( NONE) 
REAGENT BLANK 

ATI I.D. 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

RESULTS 

802018 
02/12/88 
02/12/88 
UG/L 
N/A 

TEST: VOLATILE AROMATICS (EPA METHOD 602) 

BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLS ENZ ENE 
1,3-DICHLOROBENZENE 
1,2 AND 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

B - 23 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

N/A 
104 
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GAS CHROMATOGRAPHY - RESULTS 
ATI I.D. 80201811 

TEST: FUEL HYDROCARBONS (MODIFIED EPA METHOD 8015) 
CLIENT 
PROJECT !I 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
( NONE) 

MW-7 
NON-AQUEOUS 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

01/30/88 
02/02/88 
02/03/ 88 
02/05/88 
MG/KG 
l ----------------------------------------------------------------------------- COMPOUNDS RESULTS ------------------------------------ � - --------------------------------------- 

FUEL HYDROCARBONS 
HYDROCARBON RANGE 
HYDROCARBONS QUANTITATED USING 

B - 24 

99 + % 
C6-C20 
DIESEL 

HI-SHELL000796
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di AnalyticalTechnologies,lnc. 

March 17, 1988 

Coroorc1e CH,ces 5550 :-.1oreriouse Dr1Ve 5c:1 Llego. CA 92121 (619) 458-Ql.:11 

ATI I.D. 802018 

Geo Engineers 
2405 l40th NE Street 
Bellevue, Washington 

suite 105 
98005 

Project No.: 0303-24-4 
Attention: John Biggane 

Enclosed please find an amended data sheet for the fuel 
hydrocarbon analyses. 
If you have any other questions, please feel free to call (619) 
458-9141. 

'-,·�;1, 
-, � 

atricia A. Schroder 
Ge Supervisor 
PS:mag 

B - 33 

i=-o, ·. Richard M. 
Laboratory 
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A Analyt,calTechnologies,lnc. 
, GAS CHROMATOGRAPHY - RESULTS 

ATI I.D. 

TEST: FUEL HYDROCARBONS (MODIFIED EPA METHOD 8015) 

80201811 

CLIENT 
PROJECT J 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 

GEO ENGINEERS 
0303-24-4 
(NONE) 
MW-7 
NON-AQUEOUS 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION FACTOR 

01/30/88 
02/02/88 

: 02/03/88 
: 02/05/88 

MG/KG 
1 ----------------------------------------------------------------------------- COMPOUNDS RESULTS ----------------------------------------------------------------------------- 

FUEL HYDROCARBONS 
HYDROCARBON RANGE 
HYDROCARBONS QUANTITATED USING 
ESTIMATED RATIO OF GASOLINE TO DIESEL(%) 

B - 34 

99 + % 
C6-C20 
DIESEL 
10:90 

HI-SHELL000805



d h Analytic�ITechnologies,lnc. 

June 14, 1988 

Geoengineers, Inc. 
2�05 140th Ave. N.E. 
Bellevue, WA 98005 

Attention: John Biggane 
Project Name: 
Project Number: 0303-24-4 

560 Naches Avenue. S.W .. Suite 101. Renton. NA 98055. (206) 228-8335 

ATI I.D. #8805-034 

GeoEngineers 

on May 16, 1988 Analytical Technologies, Inc. received 13 water 
samples for analyses. The samples were analyzed with EPA methodology 
or equivalent methods as specified in the attached analytical 
schedule. The results, sample cross reference, and the quality 
control data are enclosed. 

ftQwl\J '-6. �-----) 
Karen Mixon 
GC Chemist 
FWG/hbb 

B - 35 

1-�A� 
Frederick w. Grothkopp 
Technical Manager 
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A AnalyticolTechnologies,lnc. 

ATI I.D. #8805-034 

SAMPLE CROSS REFERENCE SHEET 

CLIENT 
PROJECT# 
PROJECT NAME 

GEOENGINEERS, INC. 
0303-24-4 

DATE RECEIVED 
REPORT DATE 

05/16/88 
06/14/88 

--------------------------------------------------------------------- ATI # CLIENT DESCRIPTION MATRIX DATE COLLECTED --------------------------------------------------------------------- 8805-034-1 MW-1 WATER 05/14/88 
8805-034-2 MW-2 WATER 05/14/88 8805-034-3 MW-3 WATER 05/14/88 
8805-034-4 MW-4 WATER 05/14/88 8805-034-5 MW-5 WATER 05/14/88 8805-034-6 MW-8 WATER 05/14/88 
8805-034-7 MW-9 WATER 05/14/88 8805-034-8 MW-10 WATER 05/14/88 8805-034-9 MW-11 WATER 05/14/88 
8805-034-10 RINSATE WATER 05/14/88 8805-034-11 BLIND WATER 05/14/88 8805-034-12 MW-12 WATER 05/14/88 8805-034-13 BLANK WATER 05/14/88 

==================------=--------==----====--=---==------------------ 
-----TOTALS----- 

MATRIX 
WATER 

# SAMPLES 
13 

AT! STANDARD DISPOSAL PRACTICE ------------------------------ The samples from this project will be disposed of in thirty.(30) days 
from the date of this report. If an extended storage period is 
required, please contact our sample control department before the 
scheduled disposal date. 

B - 36 
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A AnolyticalTechnologies,lnc. 

ATI I.D. #8805-034 

ANALYTICAL SCHEDULE 

CLIENT 
PROJECT 

ANALYSIS 

GEOENGINEERS, INC. 
PUGET POWER 

TECHNIQUE 

PROJECT#: 0303-24-4 

REFERENCE/METHOD 

PURGEABLE AROMATICS 
FUEL HYDROCARBONS 
LEAD 

GC/PID 
GC/FID 
AA/GF 

B - 37 

EPA 602 
EPA 8015 (modified) 
EPA 7421 

HI-SHELL000808



4A AnolyticolTechnologies,lnc. 

ATI I.D. #8805-034 

PURGEABLE AROMATICS ANALYSIS 
DATA SUMMARY 

CLIENT GEOENGINEERS, INC. DATE SAMPLED N/A PROJECT II 0303-24-4 DATE RECEIVED N/A PROJECT NAME DATE EXTRACTED N/A CLIENT I.D. REAGENT BLANK DATE ANALYZED 05/26/88 SAMPLE MATRIX WATER UNITS ug/L EPA METHOD 602 DILUTION FACTOR 1 

--------------------------------------------------------------------- COMPOUNDS RESULTS --------------------------------------------------------------------- 
BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 & 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
TRIFLUOROTOLUENE (%) 

B - 38 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

109 

HI-SHELL000809



A AnolyticolTechnologies,lnc. 

ATI I.D. #8805-034 

PURGEABLE AROMATICS ANALYSIS 
DATA SUMMARY 

CLIENT GEOENGINEERS, INC. DATE SAMPLED N/A PROJECT # 0303-24-4 DATE RECEIVED N/A PROJECT NAME DATE EXTRACTED N/A CLIENT I.D. REAGENT BLANK DATE ANALYZED 05/27/88 SAMPLE MATRIX WATER UNITS ug/L EPA METHOD 602 DILUTION FACTOR 1 

--------------------------------------------------------------------- COMPOUNDS RESULTS --------------------------------------------------------------------- 
BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 & 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
TRIFLUOROTOLUENE (%) 

B - 39 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

104 

HI-SHELL000810



A AnolyticolTechnologies,lnc. 

ATI I.D. #8805-034-8 

PURGEABLE AROMATICS ANALYSIS 
DATA SUMMARY 

CLIENT GEOENGINEERS, INC. DATE SAMPLED 05/14/88 PROJECT II 0303-24-4 DATE RECEIVED 05/16/88 PROJECT NAME DATE EXTRACTED N/A CLIENT I. D. MW-10 DATE ANALYZED 05/26/88 SAMPLE MATRIX WATER UNITS ug/L EPA METHOD 5'62 DILUTION FACTOR 25 

--------------------------------------------------------------------- COMPOUNDS RESULTS -----------------------------------------------. --------------------- 
BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 & 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
TRIFLUOROTOLUENE (%) 

B - 40 

470 
29 
<12.5 
<12.5 
<12.5 
<12.5 
17 
16 

131 

HI-SHELL000811



A AnalyticalTechnofogies,lnc. 

ATI I.D. #8805-034-9 

PURGEABLE AROMATICS ANALYSIS 
DATA SUMMARY 

CLIENT GEOENGINEERS, INC. DATE SAMPLED 05/14/88 
PROJECT # 0303-24-4 DATE RECEIVED 05/16/88 
PROJECT NAME DATE EXTRACTED N/A 
CLIENT I.D. MW-11 DATE ANALYZED 05/26/88 
SAMPLE MATRIX WATER UNITS ug/L 
EPA METHOD 602 DILUTION FACTOR 40 ' 

COMPOUNDS RESULTS 

BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 & 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
TRIFLUOROTOLUENE (%) 

B - 41 

2500 
48 
<20.0 
150 
<20.0 
<20.0 
73 
350 · 

137 

HI-SHELL000812



A AnalyticolTechnologies,lnc. 

ATI I.D. #8805-034-10 
PURGEABLE AROMATICS ANALYSIS 

DATA SUMMARY 

CLIENT GEOENGINEERS, INC. DATE SAMPLED 05/14/88 PROJECT # 0303-24-4 DATE RECEIVED 05/16/88 
PROJECT NAME DATE EXTRACTED N/A CLIENT I.D. RINSATE DATE ANALYZED 05/27/88 SAMPLE MATRIX WATER UNITS ug/L EPA METHOD 602 DILUTION FACTOR 1 

--------------------------------------------------------------------- COMPOUNDS RESULTS --------------------------------------------------------------------- 
BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 & 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
TRIFLUOROTOLUENE (%) 

B - 42 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

99 

HI-SHELL000813



4A AnalyticalTechnologies,lnc. 

ATI I.D. #8805-034-11 

PURGEABLE AROMATICS ANALYSIS 
DATA SUMMARY 

CLIENT 
PROJECT# 
PROJECT NAME 
CLIENT I.D. 
SAMPLE MATRIX 
EPA METHOD ..... 

COMPOUNDS 

GEOENGINEERS, INC. 
0303-24-4 
BLIND (/v\w-11) 
WATER 
602 

DATE SAMPLED 
DATE RECEIVED 
DATE EXTRACTED 
DATE ANALYZED 
UNITS 
DILUTION.FACTOR 

RESULTS 

05/14/88 
05/16/88 
N/A 
05/26/88 
ug/L 
50 

BENZENE 2000 
TOLUENE <25 
CHLOROBENZENE <25 
ETHYLBENZENE 51 
1,3-DICHLOROBENZENE <25 
1,2 & 1,4-DICHLOROBENZENE <25 
META XYLENE <25 
ORTHO & PARA XYLENE 150 

SURROGATE PERCENT RECOVERIES 
TRIFLUOROTOLUENE {%) 101 

B - 43 
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4A AnolyticolTechnologies,lnc. 

AT! I.D. #8805-034-13 

PURGEABLE AROMATICS ANALYSIS 
DATA SUMMARY 

CLIENT GEOENGINEERS, INC. DATE SAMPLED 05/14/88 PROJECT # 0303-24-4 DATE RECEIVED 05/16/88 PROJECT NAME DATE EXTRACTED N/A CLIENT I.D. BLANK - 112./P DATE ANALYZED 05/27/88 SAMPLE MATRIX WATER UNITS ug/L EPA METHOD 602 DILUTION FACTOR 1 
--------------------------------------------------------------------- COMPOUNDS RESULTS -------------------------------------�------------------------------- 
BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 & 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
TRIFLUOROTOLUENE (%) 

B - 44 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

93 

HI-SHELL000815



A AnolyticalTechnologies,lnc. 

ATI I.D. #8805-034 

QUALITY CONTROL DATA 
MATRIX SPIKE/MATRIX SPIKE DUPLICATES 

CLIENT 
PROJECT 
SAMPLE I.D. 

GEOENGINEERS, INC. 
0303-24-4 
80516901 

SAMPLE MATRIX 
UNITS 
EPA METHOD 

WATER 
ug/L 
602 

_, .. -· ----------------------------------------------------------.------------ 
COMPONENT 

SAMPLE SPIKED SPIKED 
RESULT ADDED SAMPLE 

% 
REC 

DUP 
SPIKED 
SAMPLE 

DUP 
% 
REC RPO 

BENZENE 
TOLUENE 
ETHYLBENZENE 
META-ZYLENE 

<0.5 
<0.5 
<0.5 
<0.5 

8.0 
8.0 
8.0 
23 

B - 45 

7.1 
6.9 
7.3 
21 

89 
86 
91 
92 

6.9 
7 . 7 
8.1 
23 

86 
96 
101 
100 

3 
11 
10 
9 

HI-SHELL000816



AAnalyticalTechnologies,lnc. 

METALS RESULTS 

ATI I.D. 8805-034 

CLIENT 
PROJECT# 
PROJECT NAME 

PARAMETER 

GEOENGINEERS 
0303-24-4 

UNITS 08 09 

DATE RECEIVED 
REPORT DATE 

10 

05/16/88 

06/14/88 

11 

ORGANIC LEAD 
LEAD 

MG/L 
MG/L 

<0.01 cb.01 �b.01 <0.01 
<0.002 <0.002 <0.002 <0.002 

B - 46 
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A AnalyticolTechnologies,lnc. 

METALS QUALITY CONTROL 

ATI I.D. 8805-034 

CLIENT 
PROJECT# 
PROJECT NAME 

GEOENGINEERS, INC. 
0303-24-4 

----------------------------------------------------------------------- 
PARAMETER UNITS . ATI I. D. 

SAMPLE DUP. 
RESULT RESULT 

SPIKED SPIKE % 
RRD SAMPLE CONC REC ----------------------------------------------------------------------- LEAD 

LEAD 
MG/L 
MG/L 

80514701 
80516203 

<0.01 
0.004 

<0.01 
0.003 

0 
29 

0.036 0.050 72 
0.041 0.050 82 

% Recovery= (Spike Sample Result - sample Result) 
------------------------------------- x 100 Spike Concentration 

RPD (Relative Percent Difference) = sample Result - Duplicate Result 
-------------------------------- x 100 

B - 47 
Average Result 
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A AnalyticolTechnologies,lnc. 

ATI I.D. # 8805-034 

GENERAL CHEMISTRY RESULTS 

CLIENT 
PROJECT# 
PROJECT NAME 

GEOENGINEERS 
0303-24-4 

REPORT DATE : 06/14/88 

DATE RECEIVED : 05/16/88 

--------------------------------------------------------------------- PARAMETER UNITS 01 02 03 04 05 --------------------------------------------------------------------- PETROLEUM HYDROCARBONS mg/L 0.27 

B - 48 

0.3 1. 9 0.13 0. 40 

HI-SHELL000819



41, Analytica!Technologies,lnc. 

ATI I.D. # 8805-034 

GENERAL CHEMISTRY RESULTS 

CLIENT 
PROJECT# 
PROJECT NAME 

GEOENGINEERS, INC. 
0303-24-4 

DATE RECEIVED 
REPORT DATE 

05/16/88 
06/14/88 

--------------------------------------------------------------------- PARAMETER UNITS 06 07 08 09 10 --------------------------------------------------------------------- PETROLEUM HYDROCARBONS mg/L <0.05 

B - 49 

0.07 20.3 31.3 1. 3 

HI-SHELL000820



A AnolyticalTechnologies,lnc. 

ATI I.D. # 8805-034 

GENERAL CHEMISTRY RESULTS 

CLIENT 
PROJECT# 
PROJECT NAME 

GEOENGINEERS,INC. 
0303-24-4 

PATE RECEIVED 
REPORT DATE 

05/16/88 
06/14/88 

--------------------------------------------------------------------- PARAMETER UNITS 11 12 13 ,;:- .·,,------------------------------ ----- .. � --------------t, .. ---::----� -------- 
PETROLEUM HYDROCARBONS mg/L 6.7 
GRAVITY API 
FLASH POINT,PMCC DEG. F 

B - 50 

33.8 
82 

0.53 

HI-SHELL000821



A AnolyticoiTechnologies,lnc. 

ATI I.D. # 8805-034 

GENERAL CHEMISTRY QUALITY CONTROL 

CLIENT 
PROJECT# 
PROJECT NAME 

GEOENGINEERS, INC 
0303-24-4 

----------------------------------------------------------------------- 
PARAMETER UNITS A'I'I ID 

SAMPLE DUP. 
RSLT. RSLT. RPD 

SPIKED SPIKE% 
RESULT ADDED REC ----------------------------------------------------------------------- PETROLEUM 

HYDROCARBONS rng/L 
PETROLEUM 
HYDROCARBONS rng/L 

8805034-13 

8804047-1 <0.05 

B - 51, 

0.06 18 

12.67 10 127 

HI-SHELL000822



{i.A AnolyticolTechnologies,lnc. 

ATI I.D. #88050-034-12 

FUEL H�DROCARBONS 
DATA SUMMARY 

CLIENT 
PROJECT tt 
PROJECT llAME 
CLIENT I.D. 
SAMPLE MATRIX 
EP,A METHOD 

COMPOUNDS 

GEOENGINEERS, INC. DATE SAMPLED 
0303-24-4 DATE RECEIVED 

DATE EXTRACTED 
HW-12 DATE ANALYZED 
PETROLEUM PRODUCT UNITS 
8015 MODIFIED (GC/FID) , DILUTION FACWOR 

RESULTS 

05/14/88 
05/16/88 
N/A 
05/19/88 
N/A 

FUEL HYDROCARBONS 

B - 52 

1 PART GAS 
10 PART DIESEL 

HI-SHELL000823
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dh AnolyticolTechnologies,lnc 

November 8, 1988 

Geoengineers, Inc. 
2405 140th Ave. N.E. 
suite 105 
Bellevue, WA 98005 
Attention: John Biggane 

560 Naches Avenue. S.W., Surte 101. Renton. WA Q8055. (206) 226-83.15 

ATI I.D. # 8810-114 

. " 

·//i .... �---�:::::::::::::: -� 
,p ••••••••••••••••••••••••••••••••••••• 

Project Number 0303-24-4 
Project Name: Port of Seattle; T-18 
on October 28, 1988 Analytical Technologies, Inc. received one water 
sample for analysis. The sample was analyzed with EPA methodology or 
equivalent methods as specified in the attached analytical schedule. 
The results, sample cross reference, and the quality control data are 
enclosed. 

Frederick W. Grothkopp 
Technical Manager 

FWG/hbb 
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4A Anaiyt,colTechnologies,l�c. 

ATI I.D. # 8810-114 

SAMPLE CROSS REFERENCE SHEET 

CLIENT 
PROJECT# 
PROJECT NAME 

ATI # 

8810-114-1 

GEOENGINEERS, INC. 
0303-24-4 
PORT OF SEATTLE; T-18 

CLIENT DESCRIPTION' 

MW-13 

MATRIX 

Iv ATER 

DATE SAMPLED 

10/28/88 

===================================================================== 
-----TOTALS----- 

MATRIX 
WATER 

# SAMPLES 

1 

ATI STANDARD DISPOSAL PRACTICE 
The samples from this project will be disposed of in thirty (30) days 
from the date of this report. If an extended storage period is 
required, please contact our sample control department before the 
scheduled disposal date. 
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A .i'\noiyt,coiTechnofogies,lnc. 

ANALYTICAL SCHEDULE 

ATI I.D. # 8810-114 

CLIENT 
PROJECT 
PROJECT 

� • NAME 
GEOENGINEERS, INC. 
0303-24-4 
PORT OF SEATTLE; T-18 

ANALYSIS· - '. TECHNIQUE REFERE_NCE/METHOD · 

PURGEABLE AROMATICS 
PETROLEUM HYDROCARBONS 

GC/FID 

IR 
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EPA 602 
EPA 418.1 
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A Anoly!rcoiTechnologies,lnc. 

PURGEABLE AROMATICS ANALYSIS 
DATA SUMMARY 

ATI I.D. # 8810-114 

CLIENT GEOENGINEERS, INC. DATE SAMPLED N/A 
PROJECT # 0303-24-4 DATE RECEIVED N/A 
PROJECT NAME PORT OF SEATTLE; T-18 DATE EXTRACTED N/A 
CLIENT I.D. REAGENT BLANK DATE ANALYZED 11/03/88 
SAMPLE MATRIX WATER ,. UNITS,,, ug/L 
EPA METHOD 602 DILUTION FACTOR 1 

COMPOUNDS RESULTS 

BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 & 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
TRIFLUOROTOLUENE 

B - 59 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

101 
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4A Anolyr,coiTechnologies,lnc. 

ATI I.D. # 8810-114-1 

PURGEABLE AROMATICS ANALYSIS 
DATA SUMMARY 

CLIENT GEOENGINEERS, INC. DATE SAMPLED 10/28/88 
PROJECT • 0303-24-4 DATE RECEIVED 10/28/88 tt 

PROJECT NAME PORT OF SEATTLE; T-18 DATE EXTRACTED N/A 
CLIENT I.D. MW-13 DATE ANALYZED 11/03/88 
SAMPLE MATRIX WATER UNITS ug/L 
EPA METHOD 602 DILUTION FACTOR 10 * 

COMPOUNDS RESULTS 

BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
1,3-DICHLOROBENZENE 
1,2 & 1,4-DICHLOROBENZENE 
META XYLENE 
ORTHO & PARA XYLENE 

SURROGATE PERCENT RECOVERIES 
TRIFLUOROTOLUENE 

<5.0 
6.5 
<5.0 
<5.0 
<5.0 
<5.0 
9.8 
<5.0 

95 

* Sample diluted due to presence of late eluting compounds. 
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A Ana1yt1ca1Technologies,lnc. 

ATI I.D. # 8810-114 

PURGEABLE AROMATICS 
QUALITY CONTROL DATA 

CLIENT 
PROJECT# 
PROJECT NAME 
EPA METHOD 

GEOENGINEERS, INC. 
0303-24-4 
PORT OF SEATTLE; T-18 
602 

SAMPLE I.D. 
DATE ANALYZED 
UNITS 
MATRIX 

8810-092-5 
10/26/88 
ug/L 
WATER 

COMPOUND 
SAMPLE 
RESULT 

SPIKE 
ADDED 

SPIKED 
SAMPLE 

% 
REC 

DUP 
SPIKED 
SAMPLE 

DUP 
% 
REC RPD 

BENZENE 
TOLUENE 
CHLOROBENZENE 
META-XYLENE 

<0.5 
<0.5 
<0.5 
<0.5 

8.0 
8.0 
8.0 
12 

7.15 
7.22 
7.04 
10.70 

89 
90 
88 
89 

6.92 
6.95 
6.65 
10.36 

87 
87 
83 
86 

2 
3 
6 
3 

% Recovery= (Spike Sample Result - Sample Result) 
------------------------------------- X 100 Spike Concentration 

RPD (Relative% Difference) = (Sample Result - Duplicate Result) 
--------------------------------- X 100 Average Result 
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AAnalyricalTechnologies,1.nc. 

AT! I.D. # 8810-114 

GENERAL CHEMISTRY RESULTS 

CLIENT 
PROJECT# 
PROJECT NAME 

PARAMETER 

GEOENGINEERS, INC. 
0303-24-4 
PORT OF SEATTLE; T-18 

· UNITS -1 

DATE RECEIVED 
SAMPLE MATRIX 

10/28/88 
WATER 

-----. ---------------, ----------------------------------------------- 
PETROLEUM HYDROCARBONS mg/L 
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A AnolylicolTechnologies,lnc 

ATI I.O. # 8810-114 

GENERAL CHEMISTRY QUALITY CONTROL 

CLIENT 
PROJECT# 
PROJECT NAME 

GEOENGINEERS, INC. 
0303-24-4 
PORT OF SEATTLE; T-18 

SAMPLE MATRIX WATER 

------------------ ----------------------------------------------------- 
PARAMETER UNITS 

ATI 
I. D. 

SAMPLE 
RESULT 

DUP 
RESULT RPO 

SPIKED 
CONC SPIKE 

ADDED REC ------------------------------------------------------------------------ 
PETROLEUM 
HYDROCARBONS mg/L 
PETROLEUM 
HYDROCARBONS mg/L 

8810-093-56 <0.05 

WATER SPIKE N/A 

<0.05 

N/A 

O N/A 

N/A 44.3 

N/A 

51. 8 

N/A 

86 

% Recovery= (Spike Sample Result - Sample Result) 
------------------------------------- X 100 

Spike Concentration 
RFD (Relative% Difference)= (Sample Result - Duplicate Result) 

--------------------------------- X 100 Average Result 
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